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ABSTRACT
A glass vial bioassay was developed to detect 
permethrin resistance in soybean looper, Pseudoolusia 
includens (Walker), larvae. Third, fourth, fifth, and sixth 
instar soybean loopers from laboratory (susceptible) and 
field strains were exposed to several concentrations of 
permethrin in 20 ml glass vials. LC50*s for third, fourth, 
and fifth instars from each field strain were not 
significantly different. A discriminating concentration of 
0.5 tig permethrin per vial was identified for detection of 
permethrin resistance in soybean looper field populations. 
Field strains from cotton-soybean agroecosystems exhibited 
higher levels of resistance than strains from soybean-corn 
agroecosystems. The reliability of the vial bioassay was 
confirmed by conducting topical bioassays on populations 
tested in the vials. A comparison of vial mortality values 
at the discriminating concentration (0.5 fig) with efficacy 
of permethrin (0.11 kg [AI]/ha) against field populations 
demonstrated that this bioassay has potential to estimate 
field control.
The glass vial monitoring technique also was used to 
detect permethrin resistance in soybean looper adults. Male 
and female moths from laboratory strains responded 
similarly, and a discriminating concentration of 2.5 tig 
permethrin per vial was identified and used to test male 
moths captured using wire cone pheromone traps at three 
locations in Louisiana. Mortality results indicated that
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all strains were resistant to permethrin, but levels of 
resistance varied within locations over time.
The feeding activity and mortality of permethrin- 
resistant and -susceptible third and fifth instar soybean 
loopers on insecticide treated foliage were investigated. 
Mortality of resistant larvae was delayed with thiodicarb 
and Bacillus thurincriensis. All insecticide treatments 
significantly reduced leaf area consumption of both 
resistant and susceptible larvae, regardless of instar, when 
compared to feeding on untreated foliage.
Field studies were conducted to determine the efficacy 
of several insecticides against small (< third), third, 
fourth, fifth, and sixth instar soybean loopers in field 
plots. All insecticide treatments significantly reduced the 
total number of larvae compared to the untreated plots on 
most evaluation dates. Control of individual instars varied 
among tests and insecticide treatments, but, in general, 
small larvae comprised the majority of the soybean looper 
populations remaining in the insecticide treated plots.
ix
INTRODUCTION
In 1990, approximately 18 percent of the total United 
States crop acrage was planted in soybean, Glvcine max (L.) 
Merrill. The value of soybean to Louisiana was estimated at 
$198 million in 1989 (Anonymous 1991). However, without the 
cost of insect control, this value would undoubtedly be 
higher. The soybean looper, Pseudoolusia includens 
(Walker), is an economically important defoliator of 
soybean. Losses from soybean looper damage have been 
estimated to be in excess of 10 percent of the total 
harvestable yield in those regions where it is a problem 
(Bergman et al. 1985a, 1985b). A pyrethroid insecticide, 
permethrin, has been the insecticide of choice among growers 
for controlling outbreaks of soybean looper populations 
because of its broad spectrum activity and efficacy at a 
relatively low cost.
However, during 1987, permethrin was not providing 
satisfactory control of soybean looper in some areas of 
Louisiana, Mississippi, and Georgia. The results of dosage 
mortality studies in both Louisiana (Leonard et al. 1990) 
and Mississippi (Felland et al. 1990) indicated that 
permethrin was significantly less toxic to field strains 
collected in 1987 and 1988 compared with a laboratory 
susceptible strain. Field insecticide screening trial 
results also indicated that soybean looper populations were 
not as easy to control with permethrin than had been 
observed in the past.
The soybean looper is a migratory insect which arrives 
in south Louisiana in the early spring and expands northward 
during the summer with peak populations occurring in the 
fall (Alford & Hammond 1982). Three to four generations 
usually occur on soybean each year with only one requiring 
an insecticide application. Therefore, it is unlikely that 
the insecticide selection pressure that has occurred on 
Louisiana soybean would have had a significant impact on 
resistance development. However, because soybean looper 
larvae and adults can be found in cotton, it is possible 
that exposure to pyrethroids in the cotton-soybean 
agroecosystem could provide additional selection pressure. 
Soybean looper adults feed on cotton nectaries as a source 
of carbohydrates and generally exhibit a dramatic increase 
in oviposition (Jensen et al. 1974, Beach et al. 1985), 
resulting in higher densities of soybean loopers on soybean 
in the vicinity of cotton (Burleigh 1972). Within this 
agroecosystem, the soybean loopers that appear on soybean 
could be the progeny of those that survived insecticide 
applications on cotton. In 1987 and 1988, control failures 
occurred primarily in areas where soybean was grown adjacent 
to or in the vicinity of cotton (Leonard et al. 1990, 
Felland et al. 1990).
It is also possible that selection pressure on 
overwintering soybean loopers on ornamental and vegetable 
crops in South Florida, South Texas, and Central/South 
America could be responsible for resistant populations that
eventually reach Louisiana. Depending on the host crop and 
associated insecticide usage, the immigrants into Louisiana 
may already have a portion of the population resistant to 
permethrin. This scenario appears to have occurred with the 
development of methomyl resistance in the soybean looper 
during the 1970's. Soybean looper populations from states 
along the Atlantic Coast have historically been more 
difficult to control. It is believed that the soybean 
loopers in these states migrate northward from overwintering 
sites in South Florida, where heavy selection pressure on 
greenhouse grown chrysanthemum and tomatoes occurs (Newsom 
et al. 1980, Boethel et al. 1992).
Many consultants and growers in Louisiana would prefer 
to continue using permethrin to control soybean looper 
populations because of its cost, but are reluctant to do so 
because of the threat of field control failures. The 
development and implementation of a resistance monitoring 
program would be an important tool in the successful 
management of this soybean pest. An effective resistance 
monitoring program would allow for detection of resistance 
prior to applying insecticides. This program would be 
extremely useful in South Louisiana to detect changes in 
susceptibility that could lead to field control failures 
which are not common in the region at this time. In 
addition, the feeding activity of resistant soybean loopers 
that survive insecticide treatments has not been 
investigated. If insecticide treatments are not as
effective in causing mortality as they have been in the 
past, but are causing reduced feeding resulting in less 
defoliation, then these compounds may continue to be used as 
a tool for managing insecticide-resistant soybean looper 
populations. Alterations in the current economic threshold 
or timing of insecticide applications to allow for more 
effective control of soybean looper populations also needs 
to be investigated. All of these factors need to be 
addressed for effective management of permethrin-resistant 
soybean looper populations on soybean.
CHAPTER 1
Development of a Diagnostic Technique for Monitoring 
Permethrin Resistance in Soybean Looper 
(Lepidoptera: Noctuidae) Larvae
Introduction
The soybean looper, Pseudonlusia includens (Walker), 
is an economically important defoliator of soybean, 
Glycine max (L.) Merrill, in the southeastern United 
States. Presently, soybean producers rely on a limited 
number of insecticides to control this pest. Methomyl, 
thiodicarb, and permethrin are widely recommended for 
control of the soybean looper in this region (Bergman 
1985a, 1985b, Tynes & Boethel 1990, Anonymous 1988a).
Permethrin has been the insecticide of choice because of 
its efficacy and relatively low cost.
During 1987, permethrin was inadequate in controlling 
soybean looper populations in portions of Louisiana (D.J.B. 
unpublished data), Mississippi (Anonymous 1988b), and 
Georgia (Herzog 1988). The results of field insecticide 
screening trials and dose-mortality studies in both 
Louisiana (Leonard et al. 1990) and Mississippi (Felland et 
al. 1990) indicated that soybean loopers were more tolerant 
to permethrin than had been observed in the past. These
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studies also indicated that resistance levels were higher in 
areas where soybean was grown near cotton fields.
With the development of permethrin resistance in the 
soybean looper, control with permethrin at the recommended 
rate has frequently not been satisfactory in the cotton 
growing regions of Louisiana. Adequate (although reduced) 
control has been achieved in portions of central and 
southern Louisiana (Leonard et al. 1990, Mink et al. 1991, 
Wier et al. 1991a, 1991b). Producers would prefer to 
continue to use permethrin because of its cost and broad 
spectrum activity. Therefore, the development of a 
reliable, rapid, and inexpensive technique for resistance 
detection would aid producers, consultants, and extension 
personnel in making informed decisions on adequate control 
measures.
McCutchen et al. (1989) developed a glass vial 
technique for detecting resistance in tobacco budworm, 
Heliothis virescens (F.), larvae in cotton. A similar 
procedure for the soybean looper is even more appropriate 
because control measures are usually directed against 
populations comprised of all stages of larvae in relatively 
high numbers (economic threshold = 150 larvae per 100
sweeps; Tynes & Boethel 1990). Therefore, collecting larvae 
to test for resistance either before an insecticide 
application or after a control failure would be relatively 
easy. The objective of our study was to develop a glass
vial residue bioassay for detecting resistance in field 
populations of soybean looper larvae.
Materials and Methods
Methods similar to those used by McCutchen et al.
(1989) for detecting resistance in field populations of 
tobacco budworm larvae in cotton were used. Technical 
grade permethrin (60:40 cis: trails; FMC Corporation, 
Middleport, N.Y.) was dissolved in acetone and diluted to 
several concentrations (10 concentrations ranging from 0.01 
- 10 fig per vial) . The glass vials (20 ml) were 
prepared by pipeting 0.5 ml of solution into each vial. 
Vials then were rolled on a Star Manufacturing Company Model 
45 (St. Louis, MO) roller with a detached heating element 
until the acetone evaporated, leaving the permethrin 
residue evenly distributed on the interior of the vial.
Insects. Two permethrin susceptible laboratory strains 
were tested first to establish baseline data. The LSU 
(laboratory) strain was established from an initial 
collection of larvae obtained from south Louisiana soybean 
fields during 1975 and has been maintained in culture in the 
Entomology Department at Louisiana State University (Newsom 
et al. 1980). The STNV (laboratory) strain, maintained at 
the Southern Field Crop Management Laboratory at Stoneville, 
Miss., since 1981, was begun with moths from a South 
Carolina laboratory colony. Although both colonies have 
been supplemented periodically with additional
field-collected larvae, they have been maintained in 
continuous culture without exposure to insecticides.
During the 1990 growing season, several field 
populations of soybean looper larvae in Louisiana also were 
tested in the vials. All field strains are designated by 
their location. The Youngsville (YNG), Baton Rouge (BTRG), 
St. Gabriel (STGB), and Hamburg (HMBG) strains were
collected from soybean in Lafayette, East Baton Rouge, 
Iberville, and Avoyelles Parishes, respectively, in south 
and central portions of Louisiana from a predominantly
soybean-corn agroecosystem. Sixth instars were not 
collected (and therefore not tested) from the YNG 
strain. The Winnsboro (WNBR) and Bayou Macon (BYMN) 
strains were collected from soybean grown adjacent to 
cotton in Franklin and Tensas Parishes, respectively, 
in the predominantly cotton-soybean agroecosystem in 
northeast Louisiana where difficulties in controlling 
soybean looper populations have been reported by Leonard 
et al. (1990) and Wier et al. (1991b). Two field 
populations (RCSB and RCCT) from the central Louisiana 
location of Red Cross in Pointe Coupee Parish were 
tested. The RCSB strain was collected from a soybean 
field adjacent to a cotton field. Soybean loopers also
were present in the cotton field and were tested in the
vials (RCCT strain). All field collections were made before 
insecticide applications except for the two Red Cross 
strains. This soybean field had received one application of
tralomethrin (Scout X-traR 0.9 emulsifiable concentrate, 
0.022 kg [AI]/ha; Hoechst-Roussel Agri-Vet Company, 
Somerville, NJ) before larvae were collected, and the 
cotton field had received several applications of 
pyrethroids (none of which were permethrin) to control 
tobacco budworm and bollworm populations.
Vial Bioassay. Larvae were collected from the field 
using a standard sweep net (38 cm diam) . They were placed 
in plastic bags with soybean foliage and transported to the 
laboratory in an ice chest containing a small amount of ice.
The larvae were separated by instar according to weight 
(Shour & Sparks 1981) and individually placed in the vials 
(minimum of five concentrations ranging from 0.1 - 10 fj.g per 
vial plus an acetone control for each field strain). Thirty 
min after larvae were placed in the vials, a small piece of 
a pinto bean and wheat germ artificial diet (Shour & Sparks 
1981) was added. Vials were held at 30+2° C with a 
photoperiod of 15:9 (L:D). Mortality was recorded after 24 
h; a larva was considered dead if it did not respond when 
prodded. A minimum of 100 larvae per instar per 
concentration was tested from the laboratory strains. At 
least 50 larvae per instar per concentration were tested 
from the field collected populations.
After observing very little or no feeding by the larvae 
on the diet in the vials, a test was conducted using STNV 
larvae to determine if they would respond similarly in the 
presence or absence of a food source. Test procedures were
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the same as those described above except one-half of 200 
vials containing larvae for each instar at specific 
concentrations did not receive diet. Mortality observations 
were made as previously described.
Topical Bioassay. Topical bioassays were performed on 
laboratory-reared F, generation larvae from individuals 
collected from fields where vial tests were done. 
Field-collected larvae were transferred to artificial diet 
(Shour & Sparks 1981) and were individually reared in clear 
plastic cups (30 ml) . Pupae were placed in cardboard 
cartons (3.8 liters) covered with cotton gauze 
oviposition sheets. Adults were fed a 10% sucrose 
solution and temperature was maintained at 27+3° C with 
a photoperiod of 14:10 (L:D). Topical application
bioassays were performed as described by Leonard et al.
(1990). Ten third instars from the F, generation were 
placed on 80-100 ml fresh diet in wax-coated paper cups (238 
ml) . Each larva was treated on the thoracic dorsum with one 
IjlI aliquot of acetone (control) or technical grade 
permethrin dissolved in acetone. Each cup of 10 
larvae was exposed to one of a series of permethrin 
concentrations (at least four, usually five or six). Each 
test was replicated at least three times. Mortality was 
measured 72 h after treatment. A larva was considered dead 
if it did not respond when prodded.
Dose- and concentration-mortality regressions were 
estimated from the topical and vial data using a
11
microcomputer based probit analysis (MicroProbit 3. 0, T.C. 
Sparks & A.P. Sparks, unpublished, DowElanco Research Labs, 
Greenfield, Ind.). All data were corrected for control 
mortality by Abbott's (1925) formula. Differences among 
strains were considered significant if 95% confidence limits 
(CL) of the LCS0 or LD50 values did not overlap. Vial and 
topical resistance ratios (RR) also were analyzed using 
correlation analysis procedures in SAS (SAS Institute 1988) .
Results and Discussion
The responses of each instar of the soybean looper 
strains exposed to permethrin in the vials are presented in 
Figure 1.1. Fifth instars from the STNV strain were 
significantly more susceptible to permethrin than the other 
instars at the LC50, but sixth instars were significantly 
more tolerant than third and fourth instars. The LSU strain 
responded differently; third instars were significantly more 
tolerant than fourth and fifth instars at the LCS0.
However, no significant differences in levels of
mortality were observed among third, fourth, and fifth
instars for any of the field strains at the LC50. The
responses of sixth instars varied in relation to the 
other instars within a location. LC50's of sixth instars 
were significantly higher than the other instars at STGB, 
HMBG, RCCT, and BYMN, but were not significantly higher 
than fourth instars at BTRG and WNBR. No significant 
differences in levels of mortality among instars were
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Figure 1.1. Response of instars (LCS0 and 95% CL) of several strains of soybean 
loopers to permethrin with a glass vial residue bioassay in Louisiana in 1990. 
Strains are identified by field collection location. STNV=Stoneville, MS 
laboratory; LSU=Louisiana state University laboratory; YNG=Youngsville; BTRG=Baton 
Rouge; STGB=St. Gabriel; HMBG=Hamburg; WNBR=Winnsboro; RCCT=Red Cross cotton 
strain; RCSB=Red Cross soybean strain; and BYMN=Bayou Macon. Vertical bars are 95% 
CL's.
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observed at RCSB. Because of the similar responses of 
third, fourth, and fifth instars within each strain, 
mortality for a single concentration was obtained by 
combining individuals from these three instars for each 
strain. This is also important in the use of this technique 
in the field because only limited training will be required 
to classify larvae into the specified size range to perform 
this bioassay.
By combining the data for third, fourth, and fifth 
instars for each strain, the response to permethrin can be 
represented by a single concentration-mortality line. The 
concentration-mortality lines of field populations of 
soybean looper larvae collected from soybean-corn growing 
areas were similar (Figure 1.2A). Significantly higher 
LCS0 values were estimated for all field strains compared 
with the LSU and STNV strains (Table 1.1). The LC50 for the 
larvae from STGB was slightly (although significantly) 
lower than corresponding values for the other three 
field locations. Similar concentration-mortality lines 
also were observed among populations of soybean looper 
larvae collected near cotton (Figure 1.2B). The LC50's 
for these locations were significantly higher than those 
observed for the LSU and STNV strains as well as the 
field strains outside of the influence of cotton (Table 
1.1). The LC50 for the larvae from WNBR was slightly lower 
than the LC50 for the larvae from BYMN, but this was the
14
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Figure 1.2. Concentration-mortality lines for susceptible 
and field collected soybean looper strains from (A) soybean- 
corn agroecosystems and (B) cotton-soybean agroecosystems, 
and the identification of the discriminating concentration. 
Strains are identified by field collection location in 
Louisiana. STNV=Stoneville, MS laboratory? LSU=Louisiana 
State University laboratory; YNG=Youngsville; BTRG=Baton 
Rouge; STGB=St. Gabriel; HMBG=Hamburg? WNBR=Winnsboro; 
RCCT=Red Cross cotton strain; RCSB=Red Cross soybean strain? 
and BYMN=Bayou Macon.
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Table l.l. Responses of several strains of soybean loopers 
to permethrin using a vial residue bioassay in Louisiana, 
1990.
Strain0 n° Slope + SE LCS0 (95% CL) 0 RR°
Susceptible:
STNV 2165 3.74 ± 0.27 0.11 (0.10 ■- 0.12) ---
LSU 2070 1.98 ± 0.13 0.14 (0.07 - 0.22) ---
Soybean-corn agroecosystem:
STGB 750 1.16 ± 0.11 0.32 (0.25 -- 0.40) 2.6
YNG 1209 1.50 + 0.11 0.50 (0.42 -- 0.57) 4.0
BTRG 750 1.56 ± 0.12 0.50 (0.42 ■- 0.59) 4.0
HMBG 825 1.89 ± 0.11 0.62 (0.53 -- 0.71) 5.0
Cotton- soybean agroecosystem:
WNBR 1050 1.41 ±  0.11 0.97 (0.79 -■ 1.16) 7.8
RCCT 990 1.32 ±  0.09 0.99 (0.63 -■ 1.49) 7.9
RCSB 725 1.31 ± 0.12 1.23 (1.02 -• 1.48) 9.8
BYMN 772 1.88 ± 0.12 1.38 (1.17 -- 1.64) 11.0
0 Strains are identified by field location in Louisiana. 
STNV=Stoneville, MS laboratory,* LSU=Louisiana State 
University laboratory; STGB=St. Gabriel; YNG=Youngsville; 
BTRG=Baton Rouge; HMBG=Hamburg; WNBR=Winnsboro; RCCT=Red 
Cross cotton strain; RCSB=Red Cross soybean strain; and 
BYMN=Bayou Macon.
b Total number of third, fourth, and fifth instar soybean 
loopers tested including controls.
c Concentrations reported in ug permethrin per vial. 
d Response ratio relative to LSU laboratory strain (field 
strain LC50 divided by laboratory strain LC50) .
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only significant difference observed among locations in the
cotton-soybean areas.
Based on the data obtained from the responses of the 
susceptible (laboratory) and field strains, we identified 
a discriminating concentration of 0.5 ng permethrin per 
vial (Figure 1.2A,B). With this concentration,
approximately 94-99% of all susceptible larvae tested
should be killed but minimal mortality of resistant 
individuals would occur. In addition, use of this 
concentration maximized the differences in mortality 
between the susceptible and field strains. This 
discriminating concentration would be useful for future 
monitoring programs to identify changes in susceptibility in 
soybean growing areas where permethrin still provides 
adequate field control. This procedure follows the
rationale of ffrench-Constant and Roush (1990) for 
determining a discriminating dose. They concluded that the 
best dose for monitoring resistance would kill about 99% of 
the susceptible individuals (thus permitting minimum 
survival of susceptible individuals), yet does not risk 
killing resistant individuals. McCutchen et al. (1989) used 
a similar rationale to determine a discriminating dose (81% 
mortality) for neonate tobacco budworm larvae on cotton.
Differences in resistance levels of soybean looper 
populations from soybean-corn and cotton-soybean growing 
areas were also detected at this concentration. Higher 
resistance levels associated with field strains near cotton
indicates a greater frequency of the resistant gene at these 
locations. Leonard et al. (1990) and Felland et al. (1990) 
also reported that higher response ratios were associated 
with field strains collected near cotton. Soybean looper 
larvae and adults can be found on cotton (Hensley et a l . 
1964, Jensen et al. 1974), and therefore would be exposed to 
selection pressure with pyrethroids from applications 
directed at controlling cotton pests. The progeny of these 
selected individuals may then appear on soybean. In 
addition, soybean looper adults that feed on cotton 
nectaries show increased ovipositional activity which 
results in higher populations on soybean in the vicinity of 
cotton (Jensen et al. 1974, Beach et al. 1985). The 
combination of more intense selection pressure and higher 
population pressure of soybean loopers associated with 
cotton may explain the greater frequency of permethrin- 
resistant genotypes observed from cotton-soybean growing 
areas (Leonard et a l . 1990, Felland et al. 1990).
Although the vial data indicated that decreases in 
susceptibility to permethrin of the field strains from the 
soybean-corn and cotton-soybean agroecosystems ranged 
only from 2.6-5.0 and 7.8-11.0 (RR values, 
Table 1.1), respectively, a reduction in field control 
was observed. Replicated insecticide screening trials 
were conducted in areas where soybean looper populations 
were tested in the vials. Average percent control with 
the recommended rate of permethrin (0.11 kg [AI]/ha) from
four trials in the soybean-corn agroecosystexn and three 
trials in the cotton-soybean agroecosystem was 63 and 
36%, respectively, 7 d after treatment (Leonard 1991, 
Leonard & Boethel 1991, Mink et al. 1991, Wier et al. 
1991a). This is a noticable reduction in permethrin 
efficacy compared with data for 1982-87 when 88-99% 
control was achieved regardless of the agroecosystem 
(Layton & Boethel 1988; D.J.B. unpublished data). In 
addition, the average percent survival at the vial
discriminating concentration was 45 and 69% for the
soybean-corn and cotton-soybean agroecosystems,
respectively. These results indicate that relatively 
small changes in susceptibility of soybean loopers to 
permethrin, detected by the vial bioassay, may be sufficient 
to cause reduced field control. Similarly, reductions 
in field control were observed by Leonard et a l . (1990) 
from several Louisiana field populations determined to 
have relatively small topical LDS0 RR's (1.2-12.2).
Leonard et al. (1990) and Felland et al. (1990) 
documented resistance in soybean loopers to other pyrethroid 
insecticides in addition to permethrin. Increased 
tolerances to tralomethrin, cypermethrin, fenvalerate, and 
lambda-cvhalothrin were observed in all field strains, 
compared with a susceptible laboratory strain in their 
studies. Rose et al. (1990) identified target site
resistance in a Louisiana field strain of soybean 
loopers. Therefore, the use of permethrin in the vial
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bioassay may be applicable to all pyrethroids because target 
site resistance to one pyrethroid has been shown to confer 
resistance to all pyrethroids in tobacco budworms 
(Campanola & Plapp 1987, McCutchen et al.1989).
The addition of diet is not an essential component for 
this bioassay. No significant differences were observed in 
the responses of each instar between vials that contained or 
lacked diet (Figure 1.3). From a practical standpoint, this 
lack of difference is important because many potential users 
of the vial bioassay in the field would not have access to 
artificial diet.
Topical Bioassay. The vial bioassay results were 
validated by comparison with results of topical application 
bioassays from four locations. The LD50 (topical) and LC50 
(vial) values and the response ratios (RR) for third instars 
of the LSU strain, BTRG, HMBG, WNBR, and BYMN field 
populations are shown in Table 1.2. Comparisons are made 
using the RR's because of the different units used in 
reporting the results of the two bioassays. Vial results 
are presented in fig permethrin per vial whereas topical 
results are in iiq permethrin per g larval weight. Results 
with the vial bioassay indicated slightly higher levels of 
resistance than those with the topical bioassay for three of 
the four locations tested. However, correlation analysis on 
these data indicated that the two bioassays were highly 
correlated (r=0.95; P=0.05). The vial bioassay appears to
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Figure 1.3. Response of instars (LC5g and 95% CL) of susceptible soybean loopers 
to permethrin using a glass vial residue bioassay with and without the addition of 
artificial diet. Vertical bars are 95% CL's.
Table 1.2. Comparison of topical and vial response ratios in estimating permethrin 
resistance in third instar soybean loopers collected at various locations in Louisiana in 
1990.
Strain8
Topical Vial
nb Slope ± SE LDS0 (95% CL) c RRe n Slope ± SE LC50 (95% CL)d RR
LSU 180 2.36 + 0.45 0.18 (0.14-0.22) --- --- --- — 0.14 (0.07-0.22) ---
BTRG 180 1.45 + 0.30 0.24 (0.14-0.37) 1.3 259 1.54 + 0.21 0.43 (0.31-0.57) 3.1
HMBG 200 2.04 + 0.48 0.70 (0.49-1.06) 3.8 300 2.05 ± 0.21 0.51 (0.38-0.64) 3.6
WNBR 240 2.15 + 0.25 0.81 (0.63-1.02) 4.5 325 1.35 ± 0.19 0.92 (0.59-1.26) 6.6
BYMN 180 1.63 + 0.34 1.50 (0.87-2.74) 8.2 180 2.75 ± 0.50 1.71 (1.27-2.19) 12.2
aStrains are identified by field collection location in Louisiana. LSU=Louisiana State 
University laboratory; BTRG=Baton Rouge; HMBG=Hamburg; WNBR=Winnsboro; and BYMN=Bayou Macon. 
bTotal number of larvae tested including controls. 
cDoses reported in ug permethrin per g larval weight.
Concentrations reported in ug permethrin per vial.
eResponse ratio relative to LSU laboratory strain (LD or LC50 field strain divided by LD or 
LC50 laboratory strain).
ro
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be as effective in predicting resistance levels in soybean 
looper larvae as the topical bioassay.
In the past few years, resistance monitoring and 
detection in the soybean looper have been accomplished with 
topical application bioassays to estimate dose-response 
regressions (Leonard et al. 1990, Felland et al. 1990). 
Plapp et al. (1990) stated that, in his opinion, 
dose-mortality lines are not appropriate to determine 
the proportion of resistant individuals in a population. 
Several authors have suggested that determining this 
proportion can be better accomplished with a 
discriminating dose (Roush & Miller 1986, ffrench-Constant 
& Roush 1990, Plapp et al. 1990, Zettler & Cuperus 1990). 
We conclude that use of the discriminating concentration 
(0.5 ug permethrin per vial) in glass vials is a valid 
test for monitoring and detecting resistance in field 
populations of soybean looper larvae. In addition, this 
method provides the user with results quickly, does not 
require that insects be reared, and is more practical than 
the topical bioassay. The vials can be used for resistance 
monitoring, resistance detection, and as an aid in 
management decisions as well as documenting control 
failures due to resistance.
CHAPTER 2
Monitoring Permethrin Resistance in Soybean Looper 
(Lepidoptera: Noctuidae) Adults
Introduction
The soybean looper, Pseudoolusia includens (Walker), is 
a migratory insect pest of soybean, Glvcine max (L.) 
Merrill, in the southeastern United States. Overwintering 
populations in the U.S. can be found only in southern 
Florida and southern Texas, but annual emigrants from 
Central or South America and the islands of the Caribbean 
are suspected to appear in the southeastern U.S. (Herzog 
1980). Soybean producers presently rely on a limited number 
of insecticides to control the soybean looper. A pyrethroid 
insecticide, permethrin, has been the choice among growers 
for controlling this pest because of broad spectrum activity 
at a relatively low cost. However, wide-spread use of the 
pyrethroids in cotton-soybean agroecosystems has resulted in 
the development of permethrin resistance in the soybean 
looper (Leonard et al. 1990, Felland et al. 1990, Mink & 
Boethel 1992).
With the onset of permethrin resistance, a southern 
region soybean looper pheromone trapping project was 
initiated in 1990 to monitor seasonal activity of soybean 
looper adults in the region. Because the synthetic lure
23
24
used in the regional project is not specific to soybean 
looper (soybean looper lure, Scentry, Inc., Buckeye, A Z ) , 
additional data are required to develop a seasonal profile 
of species' diversity and density captured in the traps 
(Hamer & Pitre 1990). This information is important in 
understanding the movement of this pest, but it does not 
provide information on the frequency of permethrin 
resistance in these populations. Therefore, if a resistance 
monitoring technique for soybean looper adults could be 
incorporated into this project, information on resistance 
frequencies also could be generated. A similar project 
monitoring pyrethriod resistance in tobacco budworms, 
Heliothis virescens (F.), throughout the cotton growing 
regions of the U.S. has been successful (Plapp et al. 1990) . 
The objective of this study was to develop a quick bioassay 
technique for detecting and monitoring permethrin resistance 
in soybean looper adults so that information on permethrin 
resistance frequencies could be obtained throughout the 
southeastern U.S.
Materials and Methods 
The development of a permethrin resistance monitoring 
technique for soybean looper adults followed similar methods 
developed for Heliothis virescens (F.) (Plapp et a l . 1987, 
1990). Analytical grade permethrin (60:40 cisitrans; FMC 
Corporation, Middleport, N.Y.) was dissolved in acetone and 
diluted to six concentrations ranging from 0.25-10 jxg per
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vial plus an acetone control. The glass vials were prepared 
by pipeting 0.5 ml of solution into each vial. Vials then 
were rolled on a mechanical roller (Star Manufacturing 
Company Model 45, St. Louis, Mo.) until the acetone 
evaporated, leaving the permethrin residue evenly 
distributed on the interior of the vial.
Initial assays were conducted using male or female 
adults from laboratory strains of permethrin-susceptible and 
-resistant soybean loopers to establish base-line data and 
identify a discriminating concentration to be used in 
subsequent field studies. The permethrin-susceptible adults 
were obtained from a laboratory strain maintained at the 
USDA-ARS Southern Field Crops Research Insect Laboratory at 
Stoneville, Miss. This colony was begun in 1981 with moths 
from a South Carolina laboratory colony, and although it has 
been supplemented periodically with additional field- 
collected larvae, it has been maintained in continuous 
culture without exposure to insecticides. The permethrin- 
resistant laboratory strain was begun with soybean looper 
larvae collected from soybean during the 1990 growing season 
at Blackville, Barnwell County, S.C. after a control failure 
using permethrin (0.17 kg [AI]/ha). Since the initial 
collection, the colony had been maintained in the laboratory 
without exposure to insecticides, and the adults used in 
this study were from the F4 generation. Topical bioassay 
results on larvae from the F^ generation indicated a
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permethrin LD50 2 2-fold greater than the LD50 for the 
permethrin-susceptible strain.
Soybean looper larvae were sexed during the prepupal 
stage. The yellow primordial testes in abdominal segment 7 
of male larvae were used to distinguish them from females 
(Shour & Sparks 1981). Pupae were placed in cardboard 
cartons (3.8 liters) covered with cotton gauze. Adults were 
fed a 10% sucrose solution. One-day-old male or female 
moths from each strain were exposed to a series of 
permethrin concentrations by placing a single moth in each 
vial. Vials then were loosely capped and held at room 
temperature (23-27°C) . Moths were scored after 24 h as 
normal or knocked down. This criterion is more practical 
than death because poisoned adults may survive for several 
days before death occurs (Plapp et al. 1990). Moths were 
scored as being knocked down if they were unable to fly or 
could only fly a short distance (< 3 m) when tossed into the 
air. Concentration-mortality regressions were estimated for 
each sex from the vial data using a microcomputer based 
probit analysis (MicroProbit 3.0, T.C. Sparks & A. P. Sparks, 
unpublished, DowElanco Research Labs, Greenfield, Ind.). 
All data were corrected for control mortality by Abbott's 
(1925) formula. Differences among strains were considered 
significant if 95% confidence limits (CL) of the LC50 values 
did not overlap.
Soybean looper male moths were collected from pheromone 
baited wire cone traps (Hartstack et al. 1979) during the
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1990 growing season. The traps were mounted on steel 
reinforcement rods pushed into the ground with the bottom of 
the cone approximately 1.5 m above the ground. Traps were 
baited with a soybean looper pheromone lure comprised of the 
components described by Linn et al. (1987). The pheromone 
baits were changed approximately every three weeks.
Traps were monitored at least every other day during 
periods of peak adult captures. Three traps were placed 
along soybean field borders at three different sites 
throughout Louisiana (one trap per location). The south 
Louisiana location was on the St. Gabriel Research Station, 
St. Gabriel, Iberville Parish, where soybean looper control 
with permethrin has remained adequate (although reduced) 
since the onset of permethrin resistance. Two traps were 
located in the cotton growing regions of northeast Louisiana 
(Macon Ridge Research Station, Winnsboro, Franklin Parish 
and Northeast Research Station, St. Joseph, Tensas Parish) 
where soybean looper control failures with permethrin have 
been observed in recent years (Leonard et al. 1990, Mink & 
Boethel 1992).
The presence of resistance in the field-collected moths 
was determined by the discriminating dose method. Male 
moths collected in the traps were exposed to pretreated 
vials of permethrin (2.5 /zg) or acetone (control) either in 
the field or after return to the laboratory. Only active 
moths that appeared young and healthy were included in the 
bioassay. Bioassay procedures followed those described for
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the laboratory studies. Any moth surviving the
discriminating concentration was considered resistant. 
Mortality data at the discriminating concentration were 
subjected to Chi-square analysis (P=0.05, Proc Frequency, 
SAS Institute 1988) after being corrected for control 
mortality by Abbott's (1925) formula.
Field-collected larvae also were tested utilizing a 
discriminating concentration to estimate resistance (Mink & 
Boethel 1992) at Winnsboro and St. Joseph. Several 
replicated insecticide screening trials, which included 
permethrin (0.11 kg [AI]/ha) as a treatment, were conducted 
in fields containing these larval populations (see, Mink et 
al. 1992, Thomas et al. 1992). Therefore, the resistance 
frequencies detected by the adult (AVT) and larval vial 
techniques (LVT) were compared to field control.
Results and Discussion
No significant differences were observed between male 
and female soybean looper moths within a strain at the LC50 
(Table 2.1). Similar results have been observed for tobacco 
budworm, H. virescens (F.), adults (Micinski et al. 1991) 
and diamondback moths, Plutella xylostella (L.), (Tabashnik 
et al. 1988) using similar techniques. However, McCaffery 
et al. (1989) reported that female tobacco budworm adults 
were about twice as tolerant of cypermethrin as male adults; 
however, because 95% CL were not reported, significance was 
not determined.
Table 2.1. Response of male and female soybean looper moths from permethrin-susceptible 
and -resistant laboratory strains to permethrin using a vial residue bioassay.
Strain Sex n Slope ± SE LC50 (95% CL)8 RRb
Stoneville-sus. <sa 250 2.37 ± 0.40 0.39 (0.29-0.48) —
99 250 2.49 ± 0.38 0.41 (0.32-0.52) —
South Carolina-res. (Set 135 1.93 ± 0.45 5.26 (3.91-8.14) 13.5
99 130 1.70 ± 0.51 5.14 (3.65-8.54) 12.5
Concentrations reported in ug permethrin per vial.
Response ratio of each sex relative to Stoneville (LC50 South Carolina males or females 
•j- LCS0 Stoneville males or females) .
to
VO
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The South Carolina permethrin-resistant moths had 
significantly higher LCS0's than Stoneville permethrin- 
susceptible moths. The South Carolina male and female moths 
were 13.5 and 12.5-fold more tolerant of permethrin, 
respectively, when compared to the same sex from the 
Stoneville strain. This is lower than the 22-fold 
resistance to permethrin observed in topical bioassays of 
third instar larvae. Riley (19 88) compared the adult vial 
technique to third instar topical bioassays in the 1987 PEG- 
US tobacco budworm monitoring program. His results also 
indicated higher levels of resistance using the topical 
bioassay in six of seven strains tested. Similar results 
for tobacco budworm also were reported by McCaffery et al. 
(1989).
Resulting mortalities from the adult vial test (AVT) to 
soybean looper adult males throughout Louisiana during the 
1991 growing season are shown in Table 2.2. A
discriminating concentration of 2.5 fj,g permethrin per vial 
was chosen for detecting permethrin resistance in soybean 
looper adults. This concentration killed 98% of the male 
moths from the permethrin-susceptible strain and was the 
approximate LC975 obtained from the probit analysis. This 
concentration should be sufficient to detect low levels of 
resistance by causing high levels of mortality of 
permethrin-susceptible individuals. This is similar to the 
rationale used by others in determining discriminating doses 
(McCutchen et al. 1989, Zettler & Cuperus 1990). All
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Table 2.2. Mortality of laboratory and field-collected 
strains of soybean looper adults exposed to the 
discriminating concentration of permethrin in glass vials.0
Location Testing Date n % Mortality15
Stoneville, lab — 50 98
South Carolina, lab — 40 23*
St. Gabriel, La. 7/8 - 7/29 72 75*
9/25 - 9/30 87 41*
Winnsboro, La. 8/18 - 8/30 133 60*
9/9 - 10/1 70 66*
St. Joseph, La. 8/12 - 8/14 150 43*
8/20 - 8/27 100 32*
aDiscriminating concentration = 2.5 /xg permethrin per vial. 
Mortalities followed by asterisks are significantly 
different from that of Stoneville (permethrin susceptible) 
strain (P=0.05; Proc Frequency, SAS Institute 1988).
strains had mortalities significantly lower than that 
observed for the Stoneville susceptible strain and were 
considered to be resistant to permethrin. Therefore, 
permethrin-resistant soybean looper adults were present in 
Louisiana from Jul through Sep. The highest level of 
mortality was observed during Jul at St. Gabriel. Adult 
captures during Aug and 1-24 Sep were too low for obtaining 
reliable results. However, a sharp increase in the number
of adults captured was observed during 25-30 Sep, and vial
results indicated a dramatic decrease in mortality when 
compared to mortality observed in Jul. Mortality observed 
at St. Gabriel (south La.) from 25-30 Sep was similar to 
that observed at St. Joseph (north La.) in Aug. Data from 
the National Weather Service (St. Joseph, Tensas Parish, 
La.) indicated the movement of a cold front into north 
Louisiana on 20 Sep which dropped the average high
temperature from 33°C (1-19 Sep) to 24°C (2 0-22 Sep) . This 
weather event could have triggered the southern movement of 
this pest and help explain the increased trap catches 
observed at St. Gabriel. Although return migration in the 
soybean looper has not been documented, the regional 
pheromone trapping project during 1990 also indicated higher 
populations of soybean looper adults in south Louisiana and 
Texas during Oct than throughout the southeastern U.S.
(Hamer & Pitre 1990). Earlier, Mitchell et al. (1975) had 
suggested return migration in Florida based on data from 
pheromone-baited blacklight traps.
Adult mortality at St. Joseph decreased slightly from 
12-14 Aug to 20-27 Aug. During most of the growing season 
at this location, very low tobacco budworm and bollworm, 
Helicoveroa zea (Boddie), infestations had been observed in 
cotton adjacent to soybean fields where traps were located. 
However, during Aug, several applications of insecticides 
(mainly pyrethroids) were put on cotton for tobacco budworm 
and bollworm control. The insecticide selection pressure in 
cotton may have been sufficient to cause an increase in 
permethrin resistance observed in soybean looper moths at 
this location. Several reports have indicated that soybean 
loopers exhibit greater levels of permethrin resistance in 
this area where cotton and soybean constitute the 
predominant crop mix (Leonard et al. 1990, Mink & Boethel 
1992), with applications on cotton being one of the 
suggested causal factors contributing to this phenomenon.
Few soybean looper moths were captured and tested until 
18 Aug at Winnsboro. Mortality at this location was higher 
than that observed at St. Joseph, and a slight decrease in 
resistance was observed from Aug to Sep. Identification of 
captured adults as soybean loopers was not performed prior 
to testing in the vials at Winnsboro as was performed at the 
other two locations. However, identification of adults 
after testing indicated that soybean loopers comprised 91 
and 93% of total trap captures during Aug and Sep, 
respectively.
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A summary of the results of the AVT, LVT, and field 
control tests for each location is shown in Table 2.3. The 
LVT indicated higher levels of resistance than the AVT at 
Winnsboro, and average field control (five screening trials) 
with permethrin was only 6% greater than mortality observed 
with the LVT. Because estimation of field control is one of 
the goals of the resistance monitoring program, the LVT 
appeared to provide a better estimation of resistance than 
the AVT at Winnsboro.
Results were more variable at St. Joseph. During 3-14 
Aug, the LVT again indicated higher levels of resistance 
than the AVT, although there was only an 11% difference in 
mortality between the two techniques. Percent field control 
with permethrin (one screening trial) was only 2% higher 
than percent mortality with the LVT, but 8% lower than that 
observed with the AVT. From 19 Aug - 7 Sep, an increase in 
resistance was detected with the AVT compared to 3-14 Aug, 
but decreases in resistance were observed with the LVT and 
the field control study. Percent mortality in the AVT was 
5% lower than the LVT and field control was 10% higher than 
the LVT. As was observed at Winnsboro, the LVT at St. 
Joseph appeared to provide a better estimate of field 
control than the AVT, although the differences were not as 
distinct. Because insecticide applications are directed 
against soybean looper larval populations in the field, it 
would be expected that the LVT would be a better predictor 
of field control than the AVT. Soybean looper adults are
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Table 2.3. Comparison of responses of soybean looper using 
the adult vial test (AVT), larval vial test (LVT), and field 
control at two locations in Louisiana, 1991.
% Mortalitv
Location Date AVT LVT Field Control®
Winnsboro 8/9 - 8/30 60 35 41°
St. Joseph 8/3 - 8/14 43 32 35°
8/19 - 9/7 32 37 47c
aAverage field control at 2 and 7 days after treatment with 
permethrin (0.11 kg [AI]/ha).
“Average control from six replicated insecticide screening 
trials (Mink et al. 1992, Thomas et al. 1992). 
cAverage conrol from one replicated insecticide screening 
trial.
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migratory and trapped insects could be immigrants from other 
locations. Therefore, resistance frequencies in the adults 
may not be indicative of resistance frequencies in larval 
field populations.
The development of the glass vial bioassay for adult 
soybean loopers has potential to be incorporated with the 
ongoing regional soybean looper pheromone monitoring program 
to monitor resistance in this major soybean pest. One of 
the major problems of the regional project, however, is the 
use of a non-specific looper lure. Although the lure used 
in these studies was different than that used in the
regional study and was reported as being specific for 
soybean looper adults (Linn et al. 1987), other looper
species also were captured. However, Linn et al. (1987) 
reported that trap captures in Louisiana with the five- 
component lure used in our studies contained 97% soybean
loopers. When using a less specific lure, Porter (1990)
reported that soybean loopers were the predominant species 
captured during Aug and Sep in Mississippi. Therefore, 
before implementing the AVT for monitoring resistance, a 
more specific lure needs to be developed or cooperators 
involved in the project must be trained to identify soybean 
loopers prior to testing. Although preliminary studies 
indicate that the LVT is probably a better indicator of 
field control, the AVT has great potential for providing 
additional information on the frequency of resistance in 
soybean looper populations throughout the southeastern
states. Moreover, these studies represent another step 
towards developing a resistance management program for 
soybean loopers and further studies are needed to realize 
the full potential of this technique for adult soybean 
looper resistance monitoring.
CHAPTER 3
Insecticide-induced age-specific mortality of 
soybean looper (Lepidoptera: Noctuidae) larvae
in field tests
Introduction
Effective control of lepidopterous defoliators on 
soybean, Glycine max (Merrill), is generally restricted to 
insecticides because of a lack of effective biological 
control agents and resistant varieties. In recent years, 
the most troublesome caterpillar attacking soybean 
throughout the southeastern United States has been the 
soybean looper, Pseudoplusia includens (Walker). The 
soybean looper has developed resistance to many insecticides 
used to manage economically damaging populations of soybean 
insects (Boethel et al. 1992). Most recently, soybean 
looper resistance to permethrin was documented in several 
southeastern states (Felland et al. 1990, Leonard et al. 
1990).
With the onset of permethrin resistance, it was 
suspected that application timing of insecticide treatments 
earlier in the season directed against smaller larvae would 
be discussed as a management tool to achieve adequate 
control with permethrin (Mallet & Hamer 1989, Smith 1989). 
Although this approach has been successful for other pests,
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it would be difficult to implement for soybean looper 
management due to relatively high economic thresholds and 
the presence of multiple larval stages. In addition, the 
impact of insecticide applications on small larvae in 
soybean has not been thoroughly investigated.
Dowd & Sparks (1988) reported that several pyrethroids 
were more toxic to third instar soybean loopers compared to 
last instar soybean loopers using topical bioassays. A few 
field studies (Buckelew & Mack 1989, Felland & Pitre 
1990a,b) have examined the efficacy of insecticides on 
permethrin-resistant small (first and second instar), medium 
(third and fourth instar), and large (fifth and sixth 
instar) soybean looper larvae at two dates after 
application. In general, their results indicated less 
control of small larvae compared to control of medium and 
large larvae, particularly at the later evaluation dates. 
However, none of these studies provided information on 
individual instars. The objective of this study was to 
investigate the efficacy of several recommended insecticides 
against all stages of soybean looper larvae at several 
intervals after treatment under field conditions. This 
information is important to determine if effective soybean 
looper management can be achieved with applications of 
insecticide treatments directed primarily towards small 
larvae rather than based on current economic threshold 
information.
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Materials and Methods 
Selected insecticides recommended for soybean looper 
control in Louisiana were evaluated for age-specific 
efficacy at two locations in the state. The first location 
(Experiment 1) was in south La. where resistance has 
resulted in reduced control of soybean looper populations 
with permethrin. The experiment was conducted on the Ben 
Hur Research Station, Baton Rouge, East Baton Rouge Parish, 
La. during the 1990 growing season. Bacillus thurinoiensis 
var. kurstaki (Dipel ESR, 1.75 liters/ha, Abbott 
Laboratories, Chicago, 111.), permethrin (AmbushR 2 
emulsifiable concentrate [E] , 0.11 kg [AI]/ha, ICI Americas, 
Wilmington, Del.), and thiodicarb (LarvinR 3.2 flowable 
liquid [F] , 0.67 kg [AI]/ha, Rhone-Poulenc Ag Company,
Research Triangle Park, N.C.) were applied to 'Hartz 7151' 
R5 soybeans (Fehr et al. 1971) on Aug 11 using a tractor and 
C02-pressurized sprayer calibrated to deliver 93.5 1 of
finished spray per ha at 1.4 kg/cm2 through 80015 flat fan 
nozzles. Treatments also included an untreated check. 
Plots were 15.2 m by eight rows (1.02 m row spacing) and 
were arranged in a randomized complete block design with 
four replications. On July 25, the test area was treated 
with methyl parathion (0.56 kg [AI]/ha) and induced an 
outbreak of soybean looper larvae.
The second location (Experiment II) was in northeast 
La. where permethrin resistance levels normally have been 
higher than those in south La. and permethrin control
failures have been observed. The experiment was conducted 
on the Macon Ridge Research Station, Winnsboro, Franklin 
Parish, La. during the 1991 growing season. Permethrin 
(AmbushR 2E, O.ll kg [AI]/ha), thiodicarb (LarvinR 3.2F, 0.67 
kg [AI]/ha), methomyl (Lannate LVR, 0.50 kg [AI]/ha, E.I. 
DuPont de Nemours & Co., Wilmington, Del.), and B. 
thurinciensis var. kurstaki (CondorR, 3.5 liters/ha, Ecogen 
Inc., Langhorne, Penn.) were applied to 'Centennial' R3 
soybeans on Aug 19 using a tractor and compressed air 
sprayer calibrated to deliver 93.5 1 of finished spray per 
acre at 2.7 kg/cm2 through X12 hollow cone nozzles. 
Treatments also included an untreated check. Plots were 
15.2 m by four rows (1.02 m row spacing), with an untreated 
row on each side of the plots. Treatments were arranged in 
a randomized complete block design with four replications. 
The test area was treated with methyl parathion (0.56 kg 
[AI]/ha) in early Aug.
Plots were sampled by taking two shake cloth samples 
(1.8 m of row per sample) per plot to determine population 
density of each larval stage [small (<third), third, fourth, 
fifth, sixth instar] of soybean looper. Sample sites within 
each plot were chosen randomly, but no site was sampled more 
than once. Treatment evaluations were made every two days, 
and the test was terminated 12 days after treatment (DAT). 
A leaf area index for each plot was estimated after 12 days 
by cutting one m of row from each plot, removing the leaf 
material in the laboratory, and measuring leaf area using an
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area meter (LiCor, Inc., Lincoln, Neb., Model 3100). Data 
analysis was conducted using analysis of variance procedures 
in SAS (1988).
Results
The results of Experiment I in south La. indicate that 
thiodicarb significantly reduced numbers of soybean loopers 
compared to that for permethrin and B. thurinaiensis (B.t.) 
(Table 3.1, Figure 3.1). All insecticides provided lower 
levels of control of small larvae compared to control of 
later instar larvae throughout the evaluation period.
The population of soybean loopers in the untreated 
plots was primarily comprised of small larvae and sixth 
instars during the early evaluation dates but shifted to 
mainly sixth instars on the later evaluation dates (Figure 
3.1). The infestation in these plots also decreased 
throughout the evaluation period from 9.2 to 2.8 larvae per 
0.3 m of row at 2 and 12 DAT, respectively (economic 
threshold = 8 larvae > 0.5 in. per 0.3 m of row; Tynes & 
Boethel 1991). This indicated that larval density had 
peaked and was declining over the evaluation period. 
Thiodicarb significantly reduced the total number of soybean 
looper larvae on all evaluation dates compared with all 
other treatments. Significantly fewer fifth and sixth 
instars were observed in the thiodicarb plots compared with 
those in the untreated and B.t. plots throughout the 12 day 
evaluation period. However, no significant differences were
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Table 3.1. Density of soybean looper larval stages at 
several days after treatment with three insecticides 
(Experiment I).
Size Class
Mean number larvae per 0.3 m of 
Davs Dosttreatment
row
2 4 6 8 10 12
Permethrin
Small8 1.7a 2.1a 0. 7a 1.2a 0. 3a 0.4b
Third Instar 0.5b 0.6b 0. 5a 0.5b 0. 3a 0.2b
Fourth Instar 0.4b 0.4b 0.4a 0.4b 0.4a 0.3b
Fifth Instar 0.5b 0.3b 0. 5a 0.4b 0.6a 0.3b
Sixth Instar 1. lb 0.6b 0.6a 0.6b 0.8a 0. 9a
Thiodicarb
Small 1.0a 0. 8a 0.4a 0.4a 0. 0a 0. la
Third Instar 0.1b 0.0b 0.1b 0. 0b 0. la 0. 0a
Fourth Instar 0.1b 0.0b 0. 0b 0. 0b 0.0a 0. 0a
Fifth Instar 0.1b 0. lb 0. 0b 0. 0b 0. 0a 0. 0a
Sixth Instar 0.2b 0.0b 0. Ob 0.0b 0. la 0.1a
B. thurinaiensisb
Small 3.5a 3.1a 1.3a 1. la 0.4b 0. 6b
Third Instar 0.7b 1.2b 0. 9a 0. 7a 0.4b 0. lb
Fourth Instar 0.6b 0. 6c 0.9a 0. 8a 0. 6b 0.3b
Fifth Instar 0.9b 0.7c 1.0a 0. 8a 1. lab 0. 6b
Sixth Instar 1.6b 0. 9bc 1. la 1. la 1. 6a 1. la
Untreated
Small 3.1a 3. 0a 1.4b 1. lb 0.4b 0.4b
Third Instar 1.1b 1.0b 1.0b 0.9b 0.6b 0.2b
Fourth Instar 0.8b 1.3b 1.0b 0.9b 0.8b 0. 3b
Fifth Instar 0.7b 1.5b 1.3b 1.0b 0.8b 0.6b
Sixth Instar 3.4a 2. 2ab 2.3a 2. 5a 2. 0a 1.4a
Means within a column for each insecticide followed by the 
same letter are not significantly different (P=0.05; DMRT). 
Pretreatment densities were as follows: 3.9 small, 0.9 third 
instar, 1.0 fourth instar, 1.6 fifth instars, 4.1 sixth 
instars.
8Larvae < third instar. 
bDipel ESr.
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Figure 3.1. Average density of soybean looper larval stages 
per 0.3 m of row exposed to several insecticides on several 
evaluation dates (Experiment I). Bars followed by the same 
letter are not significantly different (P=0.05; DMRT).
observed between thiodicarb and all other treatments for 
small larvae 6, 10, and 12 DAT. Significantly fewer soybean 
looper larvae were observed with the permethrin treatment 
compared with the populations in the B.t. and untreated 
plots on all evaluation dates except 12 DAT. No significant 
differences were observed in the numbers of small larvae 
between the untreated and permethrin plots beginning 4 DAT 
and continuing through the end of the evaluation period. 
However, the number of fifth and sixth instars were 
significantly lower for permethrin compared to infestations 
in the untreated plots 2, 4, 6, 8, and 10 DAT. B.t.
significantly reduced the total number of soybean looper 
larvae compared to populations in the untreated plots 4, 6, 
and 8 DAT. No significant differences were observed for 
small and third instar larvae between the B.t. treatment and 
untreated plots throughout the evaluation period. 
Significantly fewer fourth and fifth instars were observed 
4 DAT and significantly fewer sixth instars were observed 2, 
4, 6, and 8 DAT with the B.t. treatment compared to
infestations in the untreated plots.
In general, small larvae were more numerous than other 
instars on most evaluation dates for all insecticide 
treatments. Significantly more small larvae were observed 
2, 4, and 8 DAT than any other instar in the permethrin 
treated plots (Table 3.1). However, significantly more 
sixth instars were observed 12 DAT. In the thiodicarb 
treated plots, the number of small larvae was significantly
higher than all other instars 2, 4, 6, and 8 DAT, but no 
differences among instars were observed 10 and 12 DAT. 
Significantly higher numbers of small larvae also were 
observed in the B.t. treated plots than any other instar 2 
and 4 DAT, but no differences among instars were observed 6 
and 8 DAT. However, significantly more sixth instars were 
observed compared to other instars 12 DAT. In the untreated 
plots, numbers of small larvae and sixth instars were 
significantly higher than numbers of other instars on the 
early evaluation dates, but the number of small larvae 
decreased and was not significantly different than the 
number of third, fourth, and fifth instars on the later 
evaluation dates.
The soybean looper infestation in the untreated plots 
in Experiment II conducted in northeast La. reflected 
continuous ovipositional pressure because small larvae 
comprised the majority of the population on all evaluation 
dates for all treatments (Table 3.2). The total number of 
larvae per 0.3 m of row increased throughout the evaluation 
period from 6.2 to 8.1 in the untreated plots (Figure 3.2). 
Thiodicarb significantly reduced the total number of loopers 
compared to populations in the untreated plots on all 
evaluation dates. In addition, significant reductions with 
thiodicarb were observed for all instars on all evaluation 
dates relative to the numbers in the untreated plots with 
the exception of small larvae and third instars 12 DAT. 
However, population reductions with thiodicarb were not
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Table 3.2. Density of soybean looper larval stages at 
several days after treatment with several insecticides 
(Experiment II).
Size Class
Mean number larvae per 0.3 m 
Davs Posttreatment
of row
2 4 6 8 10 12
Thiodicarb
Small0 1. 0a 1. la 0.9a 0.9a 2. 3a 1.9a
Third Instar 0.2b 0. lb 0.0b 0.0b 0. 0a 0.1b
Fourth Instar 0.0b 0.0b 0.1b 0.0b 0. 0a 0.0b
Fifth Instar 0.0b 0.0b 0.0b 0. lb 0. 0a 0. 0b
Sixth Instar 0. 0b 0.0b 0. 0b 0.0b 0. 0a 0.0b
Methomvl
Small 0. 6a 0. 5a 1.2a 1. 5a 5. 6a 8. 3a
Third Instar 0. 3b 0.2b 0. la 0. lb 0. lb 0.3b
Fourth Instar 0. 0c 0. 0b 0. la 0. lb 0. 0b 0.1b
Fifth Instar 0. 0c 0.1b 0. 0a 0. lb 0. lb 0.1b
Sixth Instar 0. 0c 0. 0b 0. la 0. 2b 0.2b 0.1b
B. thurinaiensisb
Small 1.9a 3.4a 3. 0a 3 .2a 5.3a 5. 5a
Third Instar 0.5b 0.3b 0.1b 0. 3b 0. 2b 0. 3b
Fourth Instar 0.2b 0. 0b 0. 0b 0. lb 0.2b 0. lb
Fifth Instar 0.1b 0. lb 0.0b 0. 0b 0. lb 0.2b
Sixth Instar 0.2b 0.1b 0. 0b 0. 0b 0. 0b 0.2b
Permethrin
Small 1.9a 2. 3a 2. 8a 2. 8a 5. 3a 5.3a
Third Instar 0.5b 0.8b 0.4b 0. 6bc 0.3b 0.4b
Fourth Instar 0.2b 0.5b 0.4b 0.4c 0.2b 0.2b
Fifth Instar 0.2b 0.4b 0.4b 0.4c 0.4b 0.4b
Sixth Instar 0. 3b 0.6b 0.7b 1. lb 0. 9b 1.1b
Untreated
Small 3.2a 4. 4a 3. 6a 4.5a 5. 6a 5.0a
Third Instar 0.9b 1.3b 0.8b 1.0b 0.5b 0. 5c
Fourth Instar 0.8b 0.8b 0.7b 0.7b 0.5b 0. 5c
Fifth Instar 0.5b 0. 9b 0.6b 0.9b 0.7b 0. 6c
Sixth Instar 0.8b 1.3b 1.1b 1.3b 1.4b 1.5b
Means within a column for each insecticide followed by the 
same letter are not significantly different (P=0.05; DMRT). 
Pretreatment densities were as follows: 2.9 small, 1.0 third 
instar, 0.6 fourth instar, 0.7 fifth instar, 0.5 sixth 
instar.
aLarvae < third instar. 
bCondorR.
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Figure 3.2. Average density of soybean looper larval stages 
per 0.3 m of row exposed to several insecticides on several 
evaluation dates (Experiment II) . Bars followed by the same 
letter are not significantly different (P=0.05; DMRT).
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significantly different than those observed with several 
other insecticide treatments.
Methomyl efficacy was not significantly different from 
that observed with thiodicarb 2, 4, 6, and 8 DAT against all 
instars or total number of looper larvae. However, the 
number of small larvae and the total number of larvae in the 
methomyl plots were not significantly different than those 
in the untreated plots 10 and 12 DAT. B.t. significantly 
reduced the total number of loopers compared to those in the 
untreated plots on all evaluation dates, except 12 DAT, but 
was not as effective as methomyl and thiodicarb 2 and 4 DAT. 
However, B.t. significantly reduced all instars compared to 
that in the untreated plots except for earlier instars at 
the later evaluation dates. Permethrin significantly 
reduced total number of loopers relative to those in the 
untreated plots 2, 4, and 8 DAT. The efficacy of permethrin 
against individual instars was inconsistent and on some 
evaluation dates, permethrin was equally as efficacious as 
thiodicarb or methomyl against individual instars.
Similar to the results observed in Experiment I, small 
larvae comprised the majority of the total population in all 
insecticide treated plots throughout the 12 day evaluation 
period. Significantly higher numbers of small larvae were 
observed for all treatments on all evaluation dates when 
compared to all other instars, except for methomyl 6 DAT and 
thiodicarb 10 DAT when no differences among instars were 
observed (Table 3.2).
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No significant differences (P=0.20 and P=0.13, 
Experiment I and Experiment II, respectively) were observed 
for the leaf area indices (LAI) calculated for both 
experiments (Table 3.3) . However, those treatments that were 
more efficacious against soybean looper populations tended 
to have numerically higher LAI values, while the untreated 
LAI values were the lowest for both experiments.
Discussion
The performance of permethrin in the two experiments 
was variable, possibly because of differences in resistance 
levels observed in soybean looper populations between 
southern and northern La. Larval vial bioassays developed 
by Mink & Boethel (1992a) on populations from these 
locations resulted in 2.9 and 3.2-fold increases in 
tolerance to permethrin at the LC50 for Ben Hur and 
Winnsboro, respectively. In Experiment I, the highest level 
of control with permethrin was observed 6 DAT (63%) and 
declined to 26% 12 DAT. In Experiment II, control with 
permethrin was highest 2 DAT (50%) and declined throughout 
the test period to 19% 12 DAT. These results are consistent 
with past observations. Permethrin has demonstrated higher 
efficacy in south La. because resistance levels in north La. 
soybean looper populations have resulted in pronounced 
reductions in field control (Leonard et al. 1990, Mink & 
Boethel 1992a). The B.t. treatments in both experiments 
maintained relatively stable levels of efficacy from 2 to 8
DAT but declined by 10 and 12 DAT. In Experiment I, total 
population control with thiodicarb was lowest 2 DAT (83%), 
but increased above 90% for the remainder of the evaluation 
period. Control with thiodicarb in Experiment II was 81% 2 
DAT, reached its highest point 8 DAT (88%), and declined to 
74% 12 DAT. Control with methomyl followed a similar trend. 
Highest total mortality with methomyl was observed 4 DAT 
(90%), but control rapidly declined to 0% 12 DAT because of 
the rapid resurgence of small soybean looper larvae. 
Methomyl is a broad spectrum insecticide and may have 
eliminated the natural enemy population. The continuous 
ovipositional pressure, decline in residual activity, and 
negative impact on beneficials probably resulted in the 
dramatic increase of small larvae in these plots 10 and 12 
DAT. Shepard et al. (1977) also reported a resurgence of 
soybean looper populations following methomyl treatments due 
to the removal of natural biotic agents by the insecticide.
The decline in efficacy in Experiment II of all 
insecticides is partially due to the continued ovipositional 
activity throughout the evaluation period. The economic 
threshold for soybean loopers in several southeastern states 
is based on the number of larvae > 0.5 in., which
corresponds to larvae that are > third instar (Drees & Way 
1988, Hamer 1991, Tynes & Boethel 1991). Therefore, if 
small larvae are not included in the control calculations, 
increases in percent control are observed in Experiment II 
for all insecticide treatments. Control of soybean looper
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larvae > third instar with B.t. increased from 67% 2 DAT to 
94% 6 DAT then declined to 71% 12 DAT, while thiodicarb 
maintained control above 90% throughout the evaluation 
period. Methomyl provided similar control regardless of 
larval size 2 and 4 DAT, but control of larvae > third 
instar never declined below 80% for the duration of the 
evaluation period. A dramatic difference from the 0% 
control 12 DAT was observed if small larvae were included in 
the calculations.
It is interesting that although small larvae comprised 
the majority of the populations in all treated plots 
encountered in Experiment II on all evaluation dates, the 
insecticide treatments appeared to suppress development of 
the majority of these early instars compared to untreated 
populations for the duration of the study. This was 
particularly evident for thiodicarb. However, relatively 
high numbers of small larvae did not appear to develop into 
similar numbers of larger larvae in the untreated plots 
either. This was probably due to the impact of natural 
enemies normally observed in untreated soybean (Shepard et 
al. 1974, Turnipseed et al. 1975).
Reduced control of small larvae relative to control of 
larger larvae observed in both experiments for these 
insecticides could be partially attributed to the biology of 
this pest. Soybean looper larvae habitually feed in the 
lower portions of the plant canopy first, then migrate to 
and begin feeding on foliage in the upper portions of the
plant canopy (Herzog 1980). Although it is not known if 
soybean looper moths preferentially oviposit within a 
specified strata within the plant canopy, a majority of the 
eggs are laid on the undersurface of soybean leaves (Herzog 
1980) . However, it could be assumed that due to the feeding 
behavior of the larvae, eggs are oviposited low in the plant 
canopy. Southwick et al. (1986) investigated the 
penetration of permethrin in the soybean canopy planted on 
76 cm row widths and found 76 and 25% less residue in 
foliage collected from the lower half of the plant canopy 
compared to residues from foliage collected from the upper 
half of the plant canopy at 1.5 h and 14 DAT, respectively. 
Permethrin residues were reduced by 45 and 71% at 1.5 h and 
14 DAT, respectively, on soybean planted on narrower rows 
(41 cm row width). Hutchins & Pitre (1987a) detected 
significantly more droplets of insecticide per cm2 in the 
upper stratum of the soybean canopy compared to medium and 
lower strata. In a similar study, Orr et al. (1989) 
detected 94% fewer droplets of insecticide per cm2 in the 
lower half of the plant canopy compared to the upper half of 
the plant canopy. In addition, Orr et al. (1989) 
investigated droplet deposition in the upper and lower 
surfaces of foliage in the upper and lower portions of the 
plant canopy. The lower surfaces of leaves received 
droplets 89-99% smaller than those observed on the upper 
leaf surfaces and contained 90-97% fewer droplets per cm2. 
The lower surfaces of leaves in the lower half of the canopy
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received <1 droplet of insecticide per cm2 and were <1 urn in 
volume mean diameter.
Therefore, because the majority of soybean looper eggs 
are deposited on the lower surfaces of leaves and probably 
low in the plant canopy where less insecticide is deposited, 
reduced control of small larvae compared to larger larvae 
would be expected. Soybean looper larvae also tend to feed 
on the undersurface of leaves, and first and second instars 
do not feed completely through the leaf but leave the upper 
cutinous layer of the epidermis intact (Herzog 1980), 
further reducing their exposure to insecticide deposits.
Before the onset of permethrin resistance in the 
soybean looper in 1987, Backman & Mack (1986), Herbert et 
al. (1987), and Hutchins & Pitre (1987b) investigated the 
impact of insecticide treatments on small (first and second 
instar), medium (third and fourth instar), and large (fifth 
and sixth instar) soybean looper larvae. Three similar 
studies have been conducted since the development of 
permethrin resistance in this pest. Buckelew & Mack (1989) 
observed no significant decreases in the number of small, 
medium, or large soybean looper larvae treated with 
permethrin (0.22 kg [AI]/ha) at either 5 or 7 DAT. In our 
experiments, permethrin (at a lower rate) significantly 
reduced the numbers of several instars, as well as the total 
population, on several evaluation dates. Permethrin 
efficacy was particularly observed against later instars.
On a decreasing soybean looper population comprised 
primarily of large larvae, Felland & Pitre (1990a) reported 
that thiodicarb (0.50 kg [AI]/ha) was more effective 
controlling medium and large larvae compared to control of 
small larvae 7 DAT. They also observed methomyl (0.50 kg 
[AI]/ha) to be more effective against small larvae 4 DAT, 
followed by medium and large larvae, respectively. However, 
7 DAT, methomyl provided a lower percent control of smaller 
larvae. B.t. (CondorR OF, 3.5 liters/ha) was equally 
effective 4 DAT regardless of larval size but was less 
effective against small larvae 7 DAT compared to percent 
control of medium and large larvae. Permethrin (0.22 kg 
[AI]/ha) was more effective in controlling small larvae 4 
DAT than medium and large larvae, but less effective 7 DAT. 
However, because the data were presented as average percent 
control, the results for small larvae could be misleading 
because of low numbers in the untreated plots (1.4 and 0.9 
small larvae per row ft 4 and 7 DAT, respectively).
In another insecticide screening trial, Felland & Pitre 
(199 0b) observed reduced control of smaller larvae compared 
to that for larger larvae 2 and 5 DAT with thiodicarb (0.50 
kg [AI]/ha) and methomyl (0.50 kg [AI]/ha), on a decreasing 
population comprised primarily of large larvae. Our results 
are generally consistent with those of earlier studies that 
indicated less control of small larvae, particularly at 
later evaluation dates, possibly because of larval location
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in the plant canopy and a decrease in residual activity of 
the insecticides.
The leaf area index provides a relative indication of 
the amount of defoliation that occurred with each treatment. 
These indices also reflect the degree of soybean looper 
control obtained in these studies. However, the ratings for 
permethrin, particularly in Experiment II, appear higher 
than would be expected due to resistance of soybean looper 
larvae to this compound. Mink & Boethel (1992b) have 
demonstrated in the laboratory that permethrin residue on 
soybean foliage significantly reduced the amount of leaf 
area consumed by permethrin-resistant soybean looper larvae 
compared to consumption of untreated foliage. The results 
from these studies suggest that this appears to occur in 
field situations as well.
When insecticide resistance first appears in 
lepidopterous insect pests, some of the management tactics 
recommended include timing insecticide applications against 
small larvae and reducing the economic threshold (Mallet & 
Hamer 1989, Smith 1989). Herzog (1980) suggested that 
because methomyl resistance in the soybean looper was 
beginning to be documented, sampling for decision making 
should give greater attention to the numbers of small larvae 
present in the field. Although this approach may be 
applicable to several field crop ecosystems, it may not be 
appropriate for soybean looper control on soybean. Our 
results indicated a lower percent control of small soybean
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looper larvae compared to control of larger larvae. It 
appeared that the insecticide treatments were effective in 
suppressing development of small larvae not controlled and 
application timing would be of utmost importance. If an 
insecticide application were made too early, elimination of 
natural enemies could cause a soybean looper population 
explosion, as was observed with methomyl, and require a 
possible second application not frequently needed for 
soybean looper control.
In Louisiana the soybean looper economic threshold is 
relatively high. If the threshold were to include small 
larvae, the impact of natural control agents would be 
ignored. In Experiment II, the numbers of small larvae in 
the untreated plots remained relatively high throughout the 
evaluation period but never appeared to develop into equally 
high numbers of larger larvae. It is therefore probable 
that natural control agents were effectively controlling a 
large portion of these small larvae. A threshold that
included smaller larvae may result in an insecticide 
application directed at a population that would not reach 
the economic threshold. Also, soybean looper populations in 
the field take several days to develop to threshold levels 
and continuous oviposition results in populations comprised 
of all larval stages. Therefore, a single insecticide 
application directed at a population comprised mainly of 
small larvae would be difficult.
The results of these studies demonstrated that control 
of permethrin-resistant soybean looper populations in 
Louisiana can be effectively achieved through the use of 
currently recommended insecticides. Although permethrin 
provided adequate control of soybean looper populations in 
these studies, efficacy has been noticably reduced compared 
to 1982-87 data when 88-99% control was achieved (Layton & 
Boethel 1988, D.J.B. unpublished data). Results of the 
present study also suggest that the earlier stages of 
soybean looper larvae in the field are not easily controlled 
and in most instances were more difficult to control than 
larger larvae. This may be due to the location of the small 
larvae low in the plant canopy and on the undersurface of 
leaves. Reduced deposition of insecticides at these plant 
canopy locations reduces the possibility of smaller larvae 
contacting a lethal dose. Based on these results, control 
of soybean looper on soybean in Louisiana should continue to 
be based on larvae > 0.5 in. currently recommended in the 
economic threshold.
CHAPTER 4
Feeding Activity and Mortality of Permethrin-Resistant 
and -Susceptible Soybean Looper (Lepidoptera: Noctuidae) 
Larvae on Insecticide Treated Soybean Foliage
Introduction
The soybean looper, Pseudoolusia includens (Walker), is 
a migratory insect pest of soybean, Glvcine max (L.) 
Merrill, in the southeastern United States. Throughout this 
region, defoliation of soybean by this pest can cause 
millions of dollars in damage each year (Reid & Greene 
1973). At the present time, damaging populations of this 
pest are managed using insecticides because of a lack of 
effective resistant varieties and biological control agents. 
Permethrin has been the insecticide of choice among growers 
throughout this region because of its broad spectrum 
insecticidal activity and efficacy at a relatively low cost.
During 1987, permethrin provided unsatisfactory control 
of soybean looper populations in portions of the 
southeastern U.S. and dosage-mortality studies from 
Louisiana (Leonard et al. 1990) and Mississippi (Felland et 
al. 1990) indicated that soybean looper field populations 
were more tolerant to permethrin than had been observed in 
the past. Insecticide screening trials in these states 
showed reduced field control was associated with increased
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tolerances in the laboratory bioassays. However, permethrin 
treatments on resistant field populations have been 
suspected to reduce defoliation even though lower larval 
mortality was observed.
Many studies have investigated the defoliating 
potential of soybean loopers on untreated soybean foliage 
(Kogan & Cope 1974, Boldt et a l . 1975, King 1980, Alam et 
al. 1987, Beach & Todd 1988, Trichilo & Mack 1989). Herbert 
et al. (1989) conducted a study wherein they determined the 
mortality of fourth instar soybean loopers from a 
susceptible (laboratory) colony fed soybean leaves treated 
with permethrin or methomyl, and how time, plant age, and 
rainfall affected mortality. However, the defoliating 
potential of insecticide resistant soybean loopers on 
insecticide treated soybean foliage has not been 
investigated.
In view of the reduced foliage consumption in 
permethrin treated fields containing resistant larvae, the 
question arises whether this reflects partial reduction in 
population or reduced feeding of surviving larvae. The 
objective of this study was to evaluate differences in 
feeding activity of permethrin-resistant and -susceptible 
soybean looper larvae on soybean foliage treated with 
several insecticides currently recommended for soybean 
looper control in Louisiana. This information is vital for 
developing management strategies directed at permethrin- 
resistant soybean looper populations.
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Materials and Methods
Insects. Larvae used in these experiments were reared 
on a pinto bean and wheat germ medium (Shour & Sparks 1981) . 
Larvae were collected from the field using a standard sweep 
net (38 cm diam) . They were placed in plastic bags with 
soybean foliage for transporting to the laboratory. The 
larvae then were transferred individually to clear plastic 
cups (30 ml) containing rearing medium. Pupae were placed 
in plastic cartons (3.8 liters) covered with cotton gauze 
oviposition sheets. Adults were fed a 10% sucrose solution 
and temperature was maintained at 30+2°C with a 15:9 (L:D) 
photoperiod. All subsequent generations were reared as 
previously described.
The first strain of permethrin-resistant field 
collected soybean loopers used in these studies were F1 
generation larvae from individuals collected on 5 Sep from 
soybean during the 1990 growing season at Winnsboro, 
Franklin Parish, La. before insecticide applications.
Topical bioassay results on these larvae indicated a 4.5- 
fold increase in tolerance to permethrin at the LD50 level 
in comparison to a laboratory susceptible strain. The
second field strain used in these experiments were Fr 
generation larvae from individuals collected in mid-Sept. 
from soybean during the 1990 growing season at Blackville, 
Barnwell County, S.C. after a control failure using
permethrin (0.17 kg [AI]/ha) . Larvae from the F.,-F4
generations were not exposed to insecticides. However, the
Fs and F6 generations were selected topically with permethrin 
to maintain some degree of tolerance. Topical bioassay 
results on the F7 generation indicated 3.3-fold tolerance to 
permethrin at LD50, when compared to a laboratory susceptible 
strain. F, generation larvae from individuals collected on 
7 Sep from soybean that had not been treated with 
insecticides during the 1991 growing season at St. Joseph, 
Tensas Parish, La., also were used in these studies. 
Topical bioassays performed on these larvae indicated a 2.6- 
fold tolerance to permethrin. Although these levels of 
resistance appear relatively low, they are representative of 
the resistance levels observed in Louisiana in the past few 
years and are sufficient to cause reduced control in the 
field (Leonard et al. 1990, Mink & Boethel 1992). For the 
purposes of this paper, the term "resistant" will be used to 
describe the field colonies and implies permethrin 
(pyrethroid) resistance, and resistance to other classes of 
insecticides is not intended.
The susceptible soybean loopers were obtained from the 
USDA-ARS Southern Field Crops Research Insect Laboratory at 
Stoneville, Mississippi. This laboratory colony was begun 
with moths from a South Carolina laboratory colony, 
supplemented periodically with additional field-collected 
larvae, and maintained in continuous culture without 
exposure to insecticides (Felland et al. 1990). The term 
"susceptible" will be used to describe this laboratory 
strain throughout this paper.
Laboratory experiment. Six experiments were conducted 
to investigate the mortality and feeding activity of third 
and fifth instar soybean loopers from three permethrin- 
resistant field strains and a susceptible laboratory strain 
exposed to insecticide treated soybean foliage. Treatments 
consisted of permethrin (0.11 kg [AI]/ha : Ambush”, ICI 
Americas Inc., Wilmington, Del.), thiodicarb (0.67 kg 
[AI]/ha : Larvin”, Rhone Poulenc Ag Company, Research
Triangle Park, N.C.), Bacillus thurinaiensis var. kurstaki 
strain EG2348 (3.51 liters/ha : Condor”, Ecogen Inc.,
Langhorne, Pa.), and an untreated control. Insecticides 
were applied to field-grown soybean plots measuring four 
rows by 30.5 m (101.6 cm between rows) using a C02- 
pressurized backpack sprayer calibrated to deliver 140.3 
liters of finished spray/ha at 2.8 kg/cm2 through 8002 
nozzles.
Insecticide treatments were applied to 'Hartz 7151' R6 
(Fehr et al. 1971) soybeans, 'Centennial' V10 soybeans, and 
'Pioneer 9791' R4 soybeans for the Winnsboro, South 
Carolina, and St. Joseph field strains, respectively. 
Foliage was collected by removing the second or third fully 
expanded trifoliate leaf down from the terminal one h after 
treatment. Foliage from each treatment was placed in 
separate plastic bags and transported to the laboratory. 
Leaflets were removed and leaf area was measured. 
Individual leaflets were placed on moistened filter paper in 
a 100 X 15 mm petri dish. One larva, either a permethrin-
resistant or -susceptible third or fifth instar soybean 
looper, was placed on the leaflet. Instar determination was 
by weight according to Shour & Sparks (1981). The petri 
dishes were covered, randomly placed on trays, and held at 
3 0+2°C with a 15:9 (L:D) photoperiod. Mortality and leaf
area were measured 24, 48, and 72 h after placing the larvae 
on the leaflets. A larva was considered dead if it was 
unable to move within 15 s after being prodded. Foliage 
consumption obtained for each treatment-strain combination 
was calculated using the number of live larvae at the 
beginning of the observation period. For example, if a 
larva died between 24 and 48 h, the amount of foliage 
consumed was included in the 48 h calculations but omitted 
from the 72 h calculations. By using the feeding for live 
larvae, an accurate estimation of feeding activity could be 
calculated. Each treatment initially contained 30 larvae 
and defoliation results were analyzed using analysis of 
variance procedures (P=0.05) in SAS (1988). Treatment 
mortality was corrected for control mortality using Abbott's 
(1925) formula. Mortality of third and fifth instars from 
each field strain was compared by chi-square analysis to 
mortality of the lab strain for each insecticide (Fisher's 
Exact Test, P=0.05, Proc Frequency, SAS Institute 1988). 
Experiments using third and fifth instar larvae of each 
resistant strain were not conducted concurrently. 
Therefore, comparisons between instars within a strain could 
not be performed. Because field strains were evaluated in
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different experiments, susceptible larvae were included in 
all studies for direct comparisons.
Results
Mortality. Mortality of resistant third and fifth 
instar soybean loopers exposed to permethrin treated foliage 
was significantly lower than mortality of susceptible 
larvae. Thiodicarb and B. thurinaiensis treatments 
generally were equally as efficacious, regardless of strain 
tested, although delayed mortality was observed with 
resistant larvae. The Winnsboro strain third and fifth 
instar mortalities for each insecticide tested are presented 
in Figure 4.1. Mortality of susceptible third and fifth 
instars increased throughout the test period with 100% 
mortality occurring at 48 and 72 h, respectively, for the 
two instars. However, Winnsboro larvae exposed to 
permethrin exhibited significantly lower levels of 
mortality, compared with susceptible larvae, with only 15 
and 7% mortality occurring after 72 h for third and fifth 
instars, respectively. Significant differences in mortality 
were observed 24 and 48 h after treatment between 
susceptible and resistant third and fifth instars exposed to 
thiodicarb treated foliage. Mortality levels of 100% were 
observed for susceptible third and fifth instars after 48 h. 
Larval mortality for the Winnsboro field strain increased 
throughout the study and was observed to be 96 and 87% for 
third and fifth instars, respectively, after 72 h. Although
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Figure 4.1. cumulative corrected mortality of laboratory 
susceptible and permethrin-resistant third and fifth instars 
from Winnsboro, La. exposed to soybean foliage treated with 
several insecticides. An indicates significant
differences between mortalities of the two strains within an 
evalution date (P=0.05; Proc Frequency, SAS Institute, 
1988).
thiodicarb produced high mortality levels against Winnsboro 
larvae, there was a 48 h delay in achieving mortality levels 
equal to those observed for susceptible larvae. The B. 
thurinqiensis treatment was equally as effective against 
both strains of larvae after 72 h. However, significant 
differences in mortality between susceptible and Winnsboro 
larvae were observed at 24 h for third instars and 48 h for 
fifth instars. Similar to the response of Winnsboro larvae 
on thiodicarb treated foliage, Winnsboro fifth instars 
demonstrated a delay of 24 h on B. thurinqiensis treated 
foliage to reach comparable mortality percentages with 
susceptible larvae.
The mortality responses of the South Carolina resistant 
strain to the three insecticides were similar to those of 
the Winnsboro strain and are presented in Figure 4.2. 
Mortality of both instar classes from the susceptible strain 
was 100% after 48 h on the permethrin treated foliage. 
Significant reductions in mortality were observed for both 
stages of South Carolina larvae at 24 and 48 h compared with 
the susceptible larvae. Mortality of the resistant larvae 
after 72 h was 33 and 10% for third and fifth instars, 
respectively. Significantly lower mortality of South 
Carolina third instars was observed on thiodicarb treated 
foliage compared to susceptible third instars after 24 h. 
However, 100% mortality was observed in both strains after 
48 h. Similar results were observed with fifth instars. 
Mortality was significantly lower for South Carolina larvae
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Figure 4.2. Cumulative corrected mortality of laboratory 
susceptible and permethrin-resistant third and fifth instars 
from Blackville, S.C. exposed to soybean foliage treated 
with several insecticides. An indicates significant
differences between mortalities of the two strains within an 
evaluation date (P=0.05; Proc Frequency, SAS Institute, 
1988).
after 24 h but 97% mortality was observed for both strains 
after 72 h. Larval mortality of the South Carolina strain 
on thiodicarb treated foliage was delayed compared to 
susceptible larvae, although not as pronounced as the 
Winnsboro strain. The only significant difference in third 
instar mortality between the two strains on the B. 
thurinqiensis treated foliage occurred after 48 h. However, 
significant differences in mortality between South Carolina 
and susceptible fifth instars were observed after 24 and 48 
h. Mortality for the susceptible larvae was 100% after 48 
h but was only 80% after 72 h for South Carolina larvae. 
Although mortality of South Carolina larvae was high after 
72 h, a delay in mortality was observed compared to larval 
mortality of the susceptible strain.
In general, the same mortality trends previously 
discussed were observed for the St. Joseph soybean looper 
field strain, but thiodicarb and B. thurinqiensis treatments 
were not as effective against resistant larvae (Figure 4.3) . 
Significant differences in mortality between susceptible and 
St. Joseph larvae on permethrin treated foliage were 
observed at most observation times for both instars. 
Mortality of St. Joseph larvae after 72 h was 17 and 23% for 
third and fifth instars, respectively. A delayed mortality 
effect again was observed for St. Joseph larvae on 
thiodicarb treated foliage compared to mortality of 
susceptible larvae. Mortality of St. Joseph larvae was 
significantly lower than mortality of susceptible larvae at
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Figure 4.3. Cumulative corrected mortality of laboratory 
susceptible and permethrin-resistant third and fifth instars 
from St. Joseph, La. exposed to soybean foliage treated with 
several insecticides. An indicates significant
differences between mortalities of the two strains within an 
evaluation date (P=0.05; Proc Frequency, SAS Institute, 
1988).
24 and 48 h for third instars and at 48 and 72 h for fifth 
instars. Fifth instar mortality after 72 h on thiodicarb 
treated foliage was 70%, which was considerably lower than 
87 and 97% mortality observed with the Winnsboro and South 
Carolina strains, respectively. Significant differences in 
mortality of St. Joseph and susceptible third instars on B. 
thurinqiensis treated foliage were observed 48 and 72 h 
after treatment. Significantly less mortality was observed 
after 72 h for St. Joseph fifth instars compared with 
susceptible fifth instars. As observed with the other field 
collected strains, delayed mortality occurred with both 
instars compared with susceptible larvae. Mortality of 
third instars on B. thurinqiensis treated foliage from the 
Winnsboro and South Carolina strains was 100% after 72 h and 
90 and 80%, respectively, for fifth instars after 72 h. 
However, mortality of third and fifth instars from the St. 
Joseph strain was 68 and 67%, respectively, after 72 h.
Feeding activity. The effects of the insecticide 
treatments on feeding activity for third and fifth instar 
soybean loopers from each of the three field strains and the 
susceptible strain on insecticide treated soybean foliage 
also were investigated. Similar trends in feeding activity 
were observed for all field strains (Tables 4.1, 4.2, 4.3). 
Cumulative leaf area consumed for third and fifth instars 
from the Winnsboro and susceptible strains are presented in 
Table 4.1. Third instars from both Winnsboro and 
susceptible strains on untreated foliage consumed
Table 4.1. Cumulative leaf area consumption of susceptible and permethrin-resistant third
and fifth instar soybean loopers from Winnsboro, La. exposed to soybean foliage treated with
several insecticides.
Mean cumulative leaf area consumed per live larva 
Third instard Fifth instare
(cm2)
Treatment Strain8 24h 48h 72h 24h 48h 72h
Untreated Sus. 1.95a 5.45a 16.57a 3.40b 11.90a 26.98a
Winns. 1.14b 6.59a 15.73a 4.05a 11.94a 28.43a
Permethrin Sus. 0.00c 1.60c ___b O.Old 0.37C 0.94c
Winns. 0.39c 3.52b 5.90b 1.80c 4.90b 12.40b
Thiodicarb Sus. 0. 00c 0.62° --- O.OOd 0.10c ---
Winns. 0. 00c 1.13c 2.23b 0.08d 0.45c 0.92C
B. thurincriensis Sus. 0. 00c 1.37c --- O.Old 0.25C 1.86C
Winns. 0.00c 1.07c 1. 43c 0.02d 0.45c 1.04c
Means in a column followed by the same letter are not significantly different (P = 0.05, 
Student-Newman-Kuels).
aSus.= laboratory susceptible strain; Winns.= permethrin-resistant field strain from 
Winnsboro, La.
bAll larvae died 48 h after treatment.
Represents feeding of one live larva; not included in statistical analysis.
d24h (F=17.81; df=7,203; P=0.0001): 48h (F=29.08; df=6,117; P=0.0001); 72h (F=18.92;
df=3.56;P=0.0001).
e24h (F=53.30; df=7,201; P=0.0001): 48h (F=70.38; df=7,140; P=0.0001): 72h (F=63.24;
df=6,87; P=0.0001).
to
Table 4.2. Cumulative leaf area consumption of susceptible and permethrin-resistant third
and fifth instar soybean loopers from Blackville, S.C. exposed to soybean foliage treated
with several insecticides.
Mean cumulative leaf area 
Third instarc
consumed per live larva 
Fifth instard
(cm2)
Treatment Strain0 24h 48h 72h 24h 48h 72h
Untreated Sus. 0.95b 7.29a 15.12a 15.21a 38.53a 57.06a
S.C. 1.64a 7.38a 15.49a 9.42b 36.18a 57.32a
Permethrin Sus. 0.39cd 0.93c ___b 0.45d 0.99c
S.C. 0.42cd 3.25b 4.94b 5.13c 14.61b 25.79b
Thiodicarb Sus. 0.28d 0.59c --- 0.59d 2.28c 4.60 C
S.C. 0.13d 0.72c --- 1.70d 2.25c 3.75C
B. thurincriensis Sus. 0.30d 0. 62c --- 0.92d 1.62c ---
S.C. 0.7lbc 0.66c 0.54c 0.86d 1.84c 2.03c
Means in a column followed by the same letter are not significantly different (P = 0.05, 
Student-Newman-Kuels).
aSus.= laboratory susceptible strain; S.C.= permethrin-resistant field strain from 
Blackville, S.C.
bAll larvae died 48 h after treatment.
c24h (F=27.32; df=7,202; P=0.0001): 48h (F=92.57; df=7,125? P=0.0001): 72h
df=3,59; P=0.0001).
d24h (F=50.00; df=7,202; P=0.0001) : 48h (F=82.47? df=7,139,* P=0.0001)t 72h
df=5, 78 ,* P=0.0001).
u
(F=81.66; 
(F=43.17;
Table 4.3. Cumulative leaf area consumption of susceptible and permethrin-resistant third
and fifth instar soybean loopers from St. Joseph, La. exposed to soybean foliage treated
with several insecticides.
Treatment Strain3
Mean cumulative leaf area 
Third instarc
consumed per live larva 
Fifth instard
(cm2)
24h 48h 72h 24h 48h 72h
Untreated Sus. 1.43a 3.36a 14.92a 8.19a 12.55a 17.78a
St. Joe 0.35b 2.33b 12.01a 4.49b 7.11b 19.01a
Permethrin Sus. 0.03b 0.09d ___b 0.37c 0.46c 0.82b
St. Joe 0.24b 0.97c 7.02b 1.05c 1.93c 4.56b
Thiodicarb Sus. 0.05b 0.06d 1.51c 0.13c 0.15c 0.25b
St. Joe 0.07b 0.3led 3.09c 0.39c 0. 53c 0.53b
B. thurincriensis Sus. 0.25b 0.38cd 1.10c 1.00c 0.84C 0.97b
St. Joe 0.17b 0.24cd 1.24c 0.62C 0.57c 0.86b
Means in a column followed by the same letter are not significantly different (P = 0.05, 
Student-Newman-Kuels).
aSus.= laboratory susceptible strain; St. Joe= permethrin-resistant field strain from St. 
Joseph, La.
bAll larvae died 48 h after treatment.
c24h (F=36.63; df=7,201; £=0.0001): 48h (F=43.47; df=7,139; £=0.0001): 72h (F=34.11;
df=6,79; £=0.0001).
d24h (F=79.47; df=7,198; £=0.0001): 48h (F=95.89; df=7,171; £=0.0001): 72h (F=91.59;
df=7,117; £=0.0001).
significantly more foliage than third instars on insecticide 
treated foliage at all evaluations. After 48 h, Winnsboro 
larvae on permethrin treated foliage consumed significantly 
more foliage than the other larvae on insecticide treated 
foliage, regardless of strain. However, the foliage 
consumption of Winnsboro larvae on permethrin and thiodicarb 
treated foliage was not significantly different after 72 h. 
Fifth instar larvae from both strains consumed significantly 
more untreated foliage than larvae on insecticide treated 
foliage. However, Winnsboro larvae on permethrin treated 
foliage consumed significantly more foliage than all other 
larvae on treated foliage after 24, 48, and 72 h.
Similar trends were observed for both instars from the 
South Carolina and St. Joseph resistant strains. Third and 
fifth instars from the South Carolina strain consumed 
significantly less permethrin treated foliage than larvae on 
untreated foliage, but significantly more than all other 
larvae on insecticide treated foliage after 72 h (Table 
4.2). Third instars from the St. Joseph strain responded in 
a similar manner. However, consumption of permethrin 
treated foliage by resistant fifth instars from the St. 
Joseph strain was not significantly different from 
susceptible and St. Joseph larvae on insecticide treated 
foliage at all evaluation periods (Table 4.3).
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'Discussion
Mortality. The low mortality observed for both instars 
from all three permethrin-resistant strains on permethrin 
treated soybean foliage supports findings from topical 
bioassays and indicates increased tolerances to permethrin. 
The Winnsboro strain exhibited higher levels of resistance 
to permethrin than the other field strains in the laboratory 
bioassay and also exhibited lower levels of mortality for 
both instars on permethrin treated foliage than the South 
Carolina and St. Joseph field strains. In general, higher 
mortality was observed with resistant third instars than 
with fifth instars on permethrin treated foliage. The range 
of resistance observed in the populations used in these 
studies are typical of the levels of resistance encountered 
in Louisiana and Mississippi field populations (Leonard et 
al. 1990, Felland et al. 1990, Mink & Boethel 1992). The 
results obtained from these studies confirm that relatively 
small increases in tolerance to permethrin in soybean looper 
larvae could result in significant reductions in larval 
mortality by feeding on permethrin treated foliage (Leonard 
et al. 1990, Felland et al. 1990, Mink & Boethel 1992).
Thiodicarb and B. thurinqiensis are rapidly replacing 
permethrin as the insecticides of choice among soybean 
growers for control of damaging populations of soybean 
looper larvae in Louisiana. Although these compounds were 
highly efficacious against susceptible and resistant soybean 
looper larvae in these studies, delayed larval mortality was
observed with all field strains. The mortality responses of 
the permethrin-resistant field strains to thiodicarb and B. 
thurinqiensis may be indicative of the responses of 
susceptible field strains to these insecticides because high 
levels of larval mortality were eventually achieved during 
the bioassay, unlike mortality levels observed with 
permethrin, and may reflect some natural variation among 
field strains. However, the delayed mortality observed with 
thiodicarb and B. thurinqiensis also could be the first 
indications of resistance development to these compounds. 
The mechanisms of permethrin resistance in the soybean 
looper are poorly understood. However, Rose et al. (1990) 
determined that a combination of target site insensitivity 
and increased activity of several enzymes in soybean looper 
larvae from a Louisiana field population may have 
contributed to the reduced susceptibility of the population 
to permethrin. If metabolic resistance is involved, 
multiple- or cross-resistance to other classes of 
insecticides is possible.
Herbert et al. (1989) studied the effects of 
insecticide treatments, plant age, rainfall, and time on 
mortality of soybean looper larvae. Fourth instars from the 
same susceptible laboratory colony used in our studies were 
exposed to soybean foliage treated in the field with 
methomyl and permethrin. Results of their studies were used 
to build a logistic model using several parameters to 
estimate soybean looper mortality. Predicted mortality of
soybean looper larvae fed permethrin-treated soybean foliage 
with no rainfall decreased over time from approximately 80 
to 50% at 1 h and 4 days after treatment, respectively. 
Results from our studies do not support their model. 
Mortality of third and fifth instars from the susceptible 
strain increased over the three day evaluation period for 
all experiments. After 48 h, mortality of susceptible third 
instar larvae was 100% in all experiments. Susceptible 
fifth instar mortality ranged from 100% after 48 h in the 
experiment with the South Carolina larvae to 97% after 72 h 
in the experiment with the St. Joseph larvae. Some 
differences in these studies could be accounted for by 
variations in methodology. Herbert et al. (1989) removed 
larvae from treated foliage after 24 h of feeding and placed 
them on artificial diet to monitor mortality. In our 
studies, the larvae remained on treated foliage for the 
duration of the study, which is more representative of 
actual field conditions. Additional larval exposure to 
permethrin in our study could have been sufficient to result 
in increased mortality compared with the results of Herbert 
et al. (1989).
Feeding activity. Permethrin treatments, at the 
recommended field rate for controlling soybean looper 
larvae, were effective in significantly reducing the feeding 
activity of resistant larvae. Reductions in feeding of 
third instar larvae were 62, 68, and 42% for the Winnsboro, 
South Carolina, and St. Joseph field strains, respectively,
as compared to feeding of third instar larvae on untreated 
foliage. Similarly, resistant fifth instar feeding activity 
was reduced 56, 55, and 76% for the Winnsboro, South
Carolina, and St. Joseph field strains, respectively. Third 
instars from all field strains consumed approximately the 
same amount of untreated foliage. However, resistant and 
susceptible fifth instars in the experiment with the South 
Carolina strain consumed approximately twice as much 
untreated and treated foliage than was observed in the other 
experiments. This may be due to the use of vegetative 
foliage in the experiment with the South Carolina strain 
compared with late season, reproductive stage foliage for 
the other two experiments. Even though the South Carolina 
fifth instars consumed more foliage, the reduction in 
feeding activity remained relatively constant among field 
strains. Thiodicarb and B. thurinqiensis treatments 
resulted in extremely low levels of feeding activity of 
susceptible and resistant larvae, even though delayed 
mortality of resistant larvae was observed for practically 
all experiments.
No significant differences in foliage consumption by 
resistant and susceptible strains on untreated foliage were 
observed for any experiment. In many cases, insecticide 
resistant insects demonstrate reduced fitness compared to 
their susceptible counterparts, and this reduction in 
fitness can be manifested in many ways (Georghiou & Taylor 
1986, Campanhola et al. 1991). If reduced fitness is
80
present in the permethrin-resistant soybean looper 
populations used in these studies, their feeding activity is 
not adversely affected compared to that for susceptible 
larvae.
Many studies have investigated the effect of 
insecticide treatments on feeding activity of several 
different insect pests (Alford et al. 1987, Herbert & Harper 
1987, Alford 1991). All of these studies were confined to 
only using susceptible insects. Hoy et al. (1990) exposed 
larvae of the diamondback moth, Plutella xvlostella (L.), 
from several field strains to cabbage leaf disks treated 
with several droplet densities of permethrin in choice tests 
to measure behavioral and physiological responses. Feeding 
damage to the disks was rated but not quantitatively
measured. Young and McMillian (1979) reported that carbaryl 
resistant fall armyworm, Soodootera fruaioerda (J. E.
Smith), larvae were able to detect carbaryl treated surfaces
and preferentially fed on untreated leaves in choice tests. 
However, the impact of insecticide treatments on the feeding 
activity of resistant larvae in a no-choice test was not 
determined in either of these studies. The results
presented in this paper may be the first to describe a 
decrease in feeding activity by resistant larvae exposed to 
foliage treated with the compound to which they are 
resistant.
The results of the present study demonstrate that 
soybean foliage treated with the recommended rate of
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permethrin reduces damage by permethrin-resistant soybean 
looper larvae due to the adverse effect on feeding activity. 
Even though mortality of resistant field strains was much 
lower compared with a susceptible strain on permethrin 
treated soybean foliage, the amount of defoliation was 
significantly reduced compared with defoliation of untreated 
foliage.
Because the soybean looper is a migratory pest on 
soybean and return migration has not been documented, 
insecticide applications during a single growing season 
should not impact resistance levels observed in subsequent 
growing seasons. In addition, several generations of 
soybean looper occur on soybean each year, but only one or 
two generations occasionally receive an insecticide 
application. Therefore, permethrin applications probably 
could not impact resistance levels within a season. If 
thiodicarb or B. thurinqiensis treatments are used as 
permethrin alternatives, the results of our studies indicate 
that delayed mortality might occur. Therefore, to 
effectively evaluate the efficacy of these compounds in a 
field situation, it may be necessary to delay the evaluation 
72 to 96 h after treatment to allow sufficient time to 
achieve maximum mortality. However, these compounds appear 
to stop feeding of field collected larvae shortly after 
exposure to treated foliage.
Many consultants and growers would prefer to continue 
using permethrin to control soybean looper populations
because of its cost-effectiveness and broad spectrum 
activity. However, it will take a strong educational effort 
to convince growers that soybean looper larvae treated with 
permethrin are not causing significant damage to their 
crops. It is also possible that the degree of defoliation 
by resistant larvae on treated foliage could vary according 
to the resistance levels in the population. However, no 
trend was observed in our studies to indicate more 
defoliation was associated with higher resistance levels.
CHAPTER 5
Relationship of Larval Vial Test Data on Permethrin 
Resistance to Field Control of Soybean Looper 
(Lepidoptera: Noctuidae) in Soybean
Introduction
Over the past decade, the development of insecticide 
resistance in insect pests has resulted in changes in the 
philosophy and methods used to monitor insecticide 
resistance. The new approaches are faster and more 
efficient with the ultimate goal of being closely correlated 
with field control (ffrench-Constant & Roush 1990).
A pyrethroid insecticide, permethrin, has been the 
insecticide of choice among soybean growers in Louisiana for 
controlling soybean looper, Pseudoplusia includens (Walker), 
populations on soybean, Glvcine max (L.) Merrill. However, 
during the 1987 growing season, resistance to this chemical 
was documented in several southeastern states (Leonard et 
al. 1990, Felland et al. 1990). Although resistance has 
resulted in control failures in Louisiana, much of the state 
has continued to experience adequate (although reduced) 
control with permethrin. Many growers and consultants would 
prefer to continue using permethrin because of its broad 
spectrum activity at a relatively low cost, but they are 
reluctant to use it because of the threat of resistance.
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Mink & Boethel (1992) developed a glass vial technique 
for monitoring permethrin resistance in soybean looper 
larvae utilizing a discriminating concentration (0.5 /ig 
permethrin per vial). Although this technique can be used 
to accurately estimate the proportion of resistant larvae in 
a soybean looper field population, its utility for 
prediction of field control has not been thoroughly
investigated. Few of the current resistance monitoring
programs have correlated laboratory results with field 
control. However, several studies with spidermites have 
resulted in correlations between resistance frequencies and 
field control with some degree of success (Grafton-Cardwell 
et al. 1987, 1989). Attempts to relate field control with 
the pyrethroid resistance monitoring technique for tobacco 
budworm adults on cotton have suggested that the monitoring 
technique is not a good indicator of field control (Micinski 
et al. 1991, Wolfenbarger et al. 1991). The objective of 
this study was to determine if the soybean looper larval 
vial technique for monitoring permethrin resistance could be 
used to predict field control, which could provide growers
and consultants with a tool to help make pest management
decisions.
Materials and Methods 
To determine if the larval vial bioassay could be used 
to predict field control, permethrin was applied to soybean 
looper field populations that had been tested in the vials.
The larval vial resistance monitoring technique (LVT) was 
based on exposing third, fourth, and fifth instar soybean 
loopers to residues of permethrin in 20-ml glass vials (Mink 
& Boethel 1992) . Vials coated with permethrin were prepared 
in the Soybean Entomology Laboratory, Louisiana State 
University. Preliminary studies in 1990 indicated that 
mortality at two vial concentrations, 0.5 /xg and 1.0 /xg 
permethrin per vial, was closely correlated with field 
control. Therefore, subsequent testing of larval field 
populations in the vials focused on these two 
concentrations.
During the 1990 and 1991 growing seasons, LVT's were 
performed on soybean loopers from Baton Rouge (East Baton 
Rouge Parish), Hamburg (Avoyelles Parish), Winnsboro 
(Franklin Parish; three separate populations) , and St. 
Joseph (Tensas Parish), Louisiana. Larvae were collected 
from the field using a standard sweep net (38 cm dia). They 
were placed in plastic bags with soybean foliage and 
transported to the laboratory in an ice chest containing a 
small amount of ice. Larvae were placed individually in the 
vials (0.5 or 1.0 \ig permethrin per vial plus an acetone 
control for each field strain). Vials were held at 30±2°C 
with a photoperiod of 15:9 (L:D). Mortality was recorded 
after 24 h. A larva was considered dead if it did not 
respond when prodded. A minimum of 150 larvae per 
concentration was tested from each population, except for 
one Winnsboro population where 75 larvae per concentration
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were tested. For each location, the percentage mortality in 
the LVT was corrected for control mortality with Abbott's 
(1925) formula.
A total of eighteen replicated insecticide screening 
studies, which included permethrin (0.11 kg [AI]/ha) as a 
treatment, were performed on the soybean looper field 
populations that had been tested in the LVT. In general, 
plots were 4-8 rows X 15.2 m (0.8-1.0 m row spacing). 
Insecticides were applied to R5-R6 soybeans (Fehr et al. 
1971) using either a tractor mounted boom or C02-pressurized 
back-pack sprayer. The back-pack sprayer was calibrated to 
deliver 140 L/ha finished spray at 2.8 kg/cm2 through 8002 
flat fan nozzles. Three tractor mounted spray systems were 
used in these studies. All tractors were calibrated to 
deliver 93.5 L/ha finished spray, but pressure (1.4, 2.7, 
and 3.4 kg/cm2) and nozzle type (hollow cone and 80015 flat 
fan) were different for each system. Treatments were 
arranged in a randomized complete block design with 4-5 
replications. Soybean looper larvae were sampled with a 38 
cm dia sweep net at 2 and 7 days after treatment. 
Percentage control for permethrin in each insecticide 
screening trial at each location was determined by averaging 
percent control at 2 and 7 days after treatment. LVT 
mortality data and corresponding field control data using 
permethrin were analyzed using correlation and regression 
procedures in SAS (SAS Institute 1988).
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Results and Discussion 
Correlation analysis results indicated that a positive 
relationship existed between field control and larval 
mortality in the vials at the 0.5 /tg concentration (r=0.87, 
P=0.0001). However, the relationship between larval 
mortality in the vials at the 1.0 ng concentration and field 
control was not as strong (r=0.51, P=0.04). Regression
analysis using LVT results as the independent variable to 
predict field control (dependent variable) indicated that 
the 0.5 fig concentration was a better predictor of field 
control. The model for the 0.5 /tg concentration (y = 1.21x-
0.21) accounted for more variation in the data (r2=0.75, 
P=0.0001) than did the 1.0 /ig concentration (y = 0.87x-0.38, 
r2=0.26, P=0.04). Interestingly, 0.5 /xg permethrin per vial 
also is the discriminating concentration used to detect 
permethrin resistance in soybean looper larvae in the field 
(Mink & Boethel 1992). The construction of 95% confidence 
limits around the regression line takes into account 
variation in the dependent variable for observations with 
the same value of the independent variable and any error in 
the fitted regression line, thereby estimating a 
conservative range of expected field control once vial 
mortality has been determined (Figure 5.1).
The ultimate goal of the LVT for soybean looper larvae 
was not only to be able to detect resistance, but also to 
provide growers and consultants with a tool for making 
informed decisions on adequate control measures. However,
60  
I  40
< D
i l  20
1.21x - 0.21
.a
o 10 20 30 40 60 60 70
% Vial Mortality
F i g u r e  5 . 1 .  R e g r e s s i o n  l i n e  a n d  95%  c o n f i d e n c e  l i m i t s  f o r  t h e  r e l a t i o n s h i p  b e t w e e n  
p e r c e n t  v i a l  m o r t a l i t y  ( 0 . 5  /ig p e r m e t h r i n  p e r  v i a l )  a f t e r  2 4  h  a n d  f i e l d  c o n t r o l  
u s i n g  p e r m e t h r i n  ( 0 . 1 1  k g  [ A I ] / h a ) .
even though the LVT appears to be applicable for prediction 
of percent mortality in the field, prediction of control 
actually achieved in the field is still difficult because 
control failures are a result of resistance frequency and 
pest density, and perhaps other factors (ffrench-Constant & 
Roush 1990) , Therefore, if effective use of the LVT in 
predicting field control is to be achieved, the density of 
soybean looper larvae in the field at the time of treatment 
must be considered in the decision-making process. In 
addition, "acceptable control" or "control failure" needs to 
be defined by consultants and growers so that acceptable 
guidelines can be established. If acceptable control is a 
reduction of the pest population below the economic 
threshold, a guideline for the recommendation of permethrin 
to control soybean loopers could be developed as shown in 
Figure 5.2. If the population is below the economic 
threshold (150 larvae per 100 sweeps), no control measures 
are needed. A line was developed based on the lower 95% 
confidence limit to represent a conservative guide (lowest 
predicted percent field control when percent vial mortality 
is known) to determine when permethrin could effectively be 
used to control soybean looper populations. For example, if 
vial mortality = 3 0%, the lowest predicted field control = 
17% (lower 95% CL) . Therefore, the pest density in the 
field would need to be < 181 larvae per 100 sweeps to reduce 
the population below the economic threshold (Figure 5.2; 
economic threshold field survival; field survival — 100 -
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% field control; 150 -? 0.83 = 180.7). Once the larval 
mortality in the vials has been determined (X axis) for a 
field population and the population density estimated (Y 
axis), the corresponding point on the graph should provide 
information as to the use of permethrin. If the point is 
above the line, permethrin should not be recommended, but if 
it is below the line, then permethrin can be recommended to 
control the soybean looper field populations.
Resistance monitoring techniques for many agricultural 
pests are important tools for providing information on the 
proportion of resistant individuals in the population, but 
could be even more practical if they also could be used to 
predict field control. Mink & Boethel (1992) developed a 
LVT for detecting permethrin resistance in soybean looper 
larvae utilizing a discriminating concentration (0.5 jug 
permethrin per vial). Results from these studies suggest 
that this concentration provides an estimate of field 
control using permethrin (0.11 kg [AI]/ha). Grafton- 
Cardwell et al. (1987, 1989) have related resistance
frequencies in laboratory bioassays with field control of 
spider mites with some success, but the pyrethroid 
resistance monitoring technique for tobacco budworm or. 
cotton has not been a good indicator of field control 
(Micinski et al. 1991, Wolfenbarger et al. 1991). A 
possible explanation of these differences could be related 
to the stage of the insect bioassayed and the stage at which 
field applications are directed. With the tobacco budworm,
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adults are bioassayed in the vials but field applications 
are directed against larvae. The spider mite and soybean 
looper bioassay techniques test the stage of the insect 
against which insecticide applications also are directed.
Some consultants and growers would prefer to continue 
using permethrin because of its cost, but are reluctant to 
use it because of the threat of resistance. These studies 
also have resulted in a guide, based on resistance frequency 
and pest density, that can be used by growers and 
consultants to determine if permethrin could be applied to 
control field populations of soybean loopers. Although 
these data are preliminary and a larger data-base needs to 
be developed, the estimates provided by these studies are 
the initial step in helping guide pest management decisions 
to effectively control permethrin-resistant soybean looper 
populations on soybean.
SUMMARY AND CONCLUSIONS
During the course of this research, techniques were 
developed to detect permethrin resistance in soybean 
loopers. In addition, the impact of insecticide
applications against field populations of soybean looper 
larvae were investigated. Several important findings were 
realized from this research. These are enumerated below, by 
chapter:
CHAPTER l. Development of a diagnostic technique for 
monitoring permethrin resistance in soybean looper 
(Lepidoptera: Noctuidae) larvae:
1. A glass vial residue bioassay was developed to detect 
permethrin resistance in soybean looper larvae. This 
technique is easier to perform and provides results more 
rapidly (24 h) than previously used techniques.
2. LC50 values were not significantly different for third, 
fourth, and fifth instar soybean loopers tested in the 
vials. Therefore, limited training is required to classify 
field-collected larvae into the specified size range to 
perform the bioassay.
3. A discriminating concentration of 0.5 /ig permethrin per 
vial was identified for detection of permethrin-resistance 
in field populations of soybean looper larvae.
93
94
4. Soybean looper field strains from cotton-soybean 
agroecosystems exhibited higher levels of resistance than 
field strains from soybean-corn agroecosystems.
5. The vial technique was proven to be as reliable as the 
standard topical bioassay in estimating resistance.
CHAPTER 2. Monitoring permethrin resistance in soybean 
looper (Lepidoptera: Noctuidae) adults:
1. A glass vial residue bioassay was developed to detect 
permethrin resistance in soybean looper adults.
2. Male and female soybean looper moths responded 
similarly to permethrin residues in glass vials at the LCS0.
3. A discriminating concentration of 2.5 fxg permethrin per 
vial was identified for detection of permethrin resistance 
in soybean looper adults.
4. Male moths exposed to the discriminating concentration 
of permethrin in glass vials from three locations in 
Louisiana throughout the 1991 growing season were determined 
to be resistant to permethrin, but levels of resistance 
varied within locations over time.
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5. A possible return movement of soybean looper adults 
from north to south Louisiana was detected by monitoring 
resistance frequencies using the vials.
CHAPTER 3. Insecticide-induced age-specific mortality of 
soybean looper (Lepidoptera: Noctuidae) larvae
under field conditions:
1. All insecticide treatments significantly reduced the 
total number of soybean looper larvae when compared to the 
larvae in the untreated plots on most evaluation dates.
2. Thiodicarb appeared to have longer residual activity 
than the other insecticide treatments and reduced soybean 
looper populations significantly lower than most other 
insecticides, particularly on the later evaluation dates.
3. Control of individual instars varied between and within 
treatments, but, in general, small (< third instar) larvae 
comprised the majority of the populations compared to 
untreated populations.
4. Insecticide treatments appeared to be suppressing 
continued development of the majority of small larvae 
compared to untreated populations.
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CHAPTER 4. Feeding activity and mortality of permethrin- 
resistant and -susceptible soybean looper 
(Lepidoptera: Noctuidae) larvae on insecticide
treated soybean foliage:
1. Thiodicarb and Bacillus thurinoiensis treatments were 
equally efficacious against permethrin-resistant and - 
susceptible larvae after 72 h, but mortality was delayed 
with resistant larvae.
2. All insecticide treatments significantly reduced leaf 
area consumption of both permethrin-resistant and - 
susceptible larvae, regardless of instar, when compared with 
feeding on untreated foliage.
3. Permethrin-resistant third and fifth instars consumed 
significantly more permethrin treated foliage than any other 
larvae on treated foliage in most experiments.
4. Leaf area consumption of resistant larvae on permethrin 
treated foliage ranged from 42-68% and 55-76% for third and 
fifth instars, respectively, compared with consumption on 
untreated foliage.
CHAPTER 5. Relationship of larval vial test data on 
permethrin resistance to field control of soybean 
looper (Lepidoptera: Noctuidae) in soybean:
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1. Vial mortality at the 0.5 /xg permethrin concentration 
was a better estimator of field control than mortality at 
the 1.0 /xg permethrin concentration.
2. A proposed guide based on resistance frequency detected 
by the vial technique and soybean looper larval density in 
the field was constructed to help growers and consultants 
determine whether permethrin could be used to effectively 
control soybean looper populations.
The ability of insects to develop resistance to 
insecticides is not an uncommon phenomenon. In the past, 
when an insecticide was no longer effectively controlling an 
insect pest, producers simply used a different class of 
insecticide to achieve adequate control. However, with the 
number of effective insecticides dwindling and few chemicals 
being produced, a change in strategy to try and manage the 
development of insecticide resistance at the producer level 
has emerged. This strategy may work for many insect pests 
but may not be applicable to soybean loopers on soybean. 
Insecticide selection pressure on the soybean looper in 
soybean is not intense enough for the development of 
resistance. It appears that insecticide use patterns on 
other host plants utilized by the soybean looper have 
resulted in the resistance problem. Therefore, soybean 
producers alone have little control over managing resistance 
development in the soybean looper.
It appears that the best approach for effectively 
managing permethrin-resistant soybean loopers on soybean is 
through detecting resistance and determining if effective 
control with permethrin is possible. The results of this 
research have provided techniques for detecting, monitoring, 
and estimating control of permethrin-resistant soybean 
looper populations. The determination of resistance 
frequencies and control tactics could reduce the need for 
multiple applications of insecticides to achieve adequate 
control. In addition, the feeding activity of permethrin- 
resistant soybean looper larvae that survive a permethrin 
application is adversely affected. However, the impact of 
this reduced feeding on continued development of the larvae 
needs to be investigated.
Permethrin is an important tool for soybean growers 
because of its relatively low cost and broad spectrum 
activity. Alternative chemicals, for the most part, present 
greater costs and some may result in greater hazards to 
applicators and the environment. The results of this 
research represent several important steps in the effective 
monitoring and management of permethrin-resistant soybean 
looper on soybean. However, more information about the 
genetics and mechanisms of resistance, seasonal movement of 
migratory adults, and the impact of insecticide use patterns 
on alternate host plants, among other factors, need to be 
investigated to fully understand and effectively manage 
insecticide resistant soybean looper populations.
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